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Clothing comfort is an extremely complex phenomenon and 
is a result of numerous interactions between physiological, 
physical and psychological factors. It has been defined as 
9 a state of satisfaction indicating physiological, 
psycho I og i ca 1 and ph ys i ca I ba I ance among the p·erson, 
his/her clothing, and his/her environment" <Branson & 
Sweeney, 1987, p. 14). The many factors impacting 
Judgments of clothing comfort have been the topic of study 
to investigators in a variety of disciplines including 
physiology, psychology and ergonomics <Attia, Engel & 
Hillebrandt, 1980; Holmer & Elnas, 1981; Newburgh, 1949; 
Vokac, Kopke & Keul, 1972, 1973, 1976>, as well as textiles 
and clothing <Fourt & Hollies, 1970; Hollies, 1977; Slater, 
1977, 1986; Sontag 1986>. As a result of these diverse 
research efforts, there have been several approaches to 
assessing clothing comfort and/or the variables 
contributing to it. While much at.tention has been given to 
the methodologies of assessing the physiological and 
1 
physical facto~s of clothing comfo~t. less attention has 
been focused on the methods of assessing its subjective 
components. 
2 
The eme~gence of the functional design p~ocess as a 
holistic app~oach to c~eating appa~el <Watkins. 1984> has 
intensified the need fo~ methodologies that can be used to 
assess the c~itical factor of the~mal comfo~t in clothing. 
Whether functional apparel is intended for protection from 
a st~essful or haza~dous environment, o~ whether it is 
intended for wear during intense physical activity, 
moistu~e build-up within the clothing and mic~oclimate is a 
persistent problem with regard to clothing comfort. While 
this problem is well documented in wearer studies. there is 
no measure available that allows a quantitative assessment 
of the relationship between moisture stimuli and moistu~e 
sensation. 
Significance 
The senso~ial aspects of clothing comfort pertain to 
the wea~e~"s satisfaction with how a fabric or ga~ment is 
pe~ceived by the senses of the wea~er <Textile Ho~lzons. 
1985; Branson and Sweeney, 1987). Fo~ example, one"s 
comfort may be affected by how a garment feels against the 
skin, how it looks to the eye, how it sounds when one 
moves. how it smells. and possibly how it tastes. Each of 
these sensations can be elicited by specific physical 
3 
stimuli and can thus be manipulated and controlled under 
experimental conditions. The typical thermal comfort and 
thermal sensation measures obscure the relationships 
between physical stimuli and psychological sensations 
because they attempt to tap complex sensations that are 
elicited by a host of physical and nonphysical stimuli that 
are not inclusively under the control of the investigator. 
While thermal comfort is a vital component of clothing 
comfort, it is conceptualized as a subset of sensorial 




Psychophysical measures, on the other hand, involve 
the measurement of a single sensation in relation to its 
initiating physical stimulus. Thus, the relationship 
between stimulus intensity and psychological sensation can 
be quantified. Psychophysical scaling methods have 
4 
~ecently been utilized in an attempt to Mbuild a b~idge of 
unde~standlng between objective and subjective measurementH 
of tactile p~operties of fab~ics <Elder, Fishe~, Hutchison, 
and Beattie, 1985, p. 442>. Psychophysical scaling of 
sensations offe~s the clothing comfo~t investigate~ a 
potent tool for assessing the relationship between physical 
stimulus variables and the psychological sensations that 
are evoked by them. 
The use of psychophysical methods also aids 
investigato~s in evaluating the cont~ibution of specific 
sensations to overall judgments of clothing comfort. Thus, 
its use will serve to advance the level of specificity in 
the subjective assessment of clothing comfo~t. Fo~ 
example, one~s level of clothing comfort may depend not 
only on one~s satisfaction with the thermal enyi~onment 
(general>, but also on the intensity of moisture o~ texture 
<specific> one senses unde~ ce~tain conditions. While the 
psychophysical ~elationshlp investigated in this study is 
that of moistu~e and moisture sensation, it is the 
contention of this ~esea~che~ that the methods detailed 
he~einafter may be used for any clothing comfort sensation 
that has a di~ect physical correlate. 
Theo~etical F~amework 
Psychophysics, the scientific study of the ~elation 
between stimuli in the physical domain and sensations in 
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the psychological domain <Gescheider, 1976> provided the 
theoretical framework for this study. It has been the 
theoretical foundation for research in the sensory realm 
<olafactory, auditory, visual, taste, tactual> and is now 
beginning to receive attention from researchers in the 
apparel and textile field. Because clothing comfort is 
defined, in part, in terms of sensations •felt• in response 
to a physical property Ci.e., temperature, wetness>, a 
psychophysical approach to its assessment is a logical one. 
Psychophysical determinations involve quantifying the 
relationship between variables belonging to continua from 
two completely different worlds, physical and 
psychological. The physical continuum is measurable in 
physical units representing a single change in some 
·physical property, i.e., temperature, pressure, weight. 
Corresponding to the physical continuum is a psychological 
continuum that represents a well recognized sensation, 
i.e., warmth, softness, heaviness <Guilford, 1954>. 
Quantification of the relationship between the 
continua is dependent upon the communication of the 
sensation experienced. This takes place by means of an 
observable response or 0 judgment• by the subject <Bock and 
Jones, 1968). Psychophysical methods establish 
experimental conditions that maintain a close 
correspondence between the sensation experienced and the 
Judgment expressed. D'Amato <1970> suggested that the 
sequence of events in any psychophysical determination can 
be illustrated as: 
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Stimulus --> Sensation --> Judgmental Response 
Purpose 
The overall purpose of this study was to explore the 
use of psychophysical methods as a means of quantifying the 
assessment of one component of clothing comfort, that of 
moisture sensation. This particular aspect of sensorial 
comfort was chosen because it is often cited as the reason 
for dissatisfaction with the comfort properties of 
clothing. It is especially a problem with functional 
apparel because this type of clothing is frequently worn 
under stressful environmental conditions where moisture 
from the body, the atmosphere, or both, accumulates on the 
skin and within the clothing layers and results in wearer 
discomfort. The upper back area of the body was chosen as 
the site to be tested. This location was selected because 
it is one area of the body in which most clothing has high 
contact with the skin, regardless of garment design. 
ObJectives 
The specific objectives that guided this study are as 
follows: 
1. To determine absolute threshold values of moisture 
sensation in subJects for one body location using one 
fabric type. 
7 
2. To determine difference threshold values 
of moisture sensation in the same. 
3. To use a magnitude estimation approach to 
assess the relationship between moisture stimuli and 
,1 
moisture sensation in subJects for one body location using 
one fabric type. 
Conceptual Definitions 
Clothing Comfort 
Clothing comfort is defined as a state of satisfaction 
indicating physiological, psychological and physical 
balance among the person, his/her clothing, and his/her 
environment <Branson and Sweeney, 1987>. 
Sensorial Comfort 
Sensorial comfort is defined as a state of 
satisfaction with how a fabric or garment is perceived by 
the senses of the wearer <Branson and Sweeney, 1987>. 
Thermal Comfort 
Thermal comfort is a condition of mind which expresses 
satisfaction with the thermal environment <ASHRAE, 1981>. 
Psychophysics 
Psychophysics is the scientific study of the 
relationship between stimuli ln. the physical domain and 
sensations ln the psychological domain <Geschelder, 1976>. 
Absolute Threshold <AL> 
The absolute threshold is the minimum value of a 
physical stimulus that will evoke a sensation. It is 
operationally defined statistically; it is the stimulus 
value that is detected on 50 percent of its presentations 
to the subject <Gescheider, 1976>. 
Difference Threshold <DL> 
The difference threshold is the minimum amount of 
physical stimulus change required to produce a sensation 
difference. Like AL, its value is determined 
statistically. The stimulus values that are Judged 
"greater" than a comparison stimulus on 25 and 75 percent 
of their presentations to the subject are averaged to give 
the difference threshold <Geschelder, 1976>. 
Magnitude Estimation 
8 
A method of direct psychophysical scaling whereby the 
subject makes direct numerical estimations of the sensory 
magnitudes produced by various intensities of a stimulus 
that are randomly presented to the subject <Stevens, 1975). 
Organization of Chapters 
Following this introductory chapter is a review of the 
literature in Chapter II. The findings for objectives 1 
and 2 will be found in Chapter III entitled, "A 
Psychophysical Method to Assess Moisture Sensation in 
9 
Clothing." Findings for- objective 3 will be found in 
Chapter- IV entitled, "A Magnitude Estimation Appr-oach to 
the Assessment of Moistur-e Sensation." Chapter- V includes 
a surrunar-y of all of the findings as well as implications 
and r-ecommendations for- fur-ther- study. 
CHAPTER II 
LITERATURE REVIEW 
Clothing and Thermal Comfort 
Under most circumstances, the maJor part of a person's 
heat exchange with the environment takes place through 
clothing. Clothing, therefore, interacts with the 
thermoregulating system of the human body <Mecheels & 
Umbach, 1977). One of the purposes of clothing is to 
maintain a uniform body temperature and this has been shown 
to be a critical factor in deciding comfort <DeMartino, 
Yoon, Buckley, Becker & Jackson, 1984>. Thermal comfort is 
regarded as a condition in which the heat balance within 
the body is maintained. The body is in a state of thermal 
comfort when the mean skin temperature is approximately 
33-35 C and body temperature regulatio9 is completely 
accomplished by vasomotor control <Hardy, 1970>. 
The clothed person's physical and physiological 
responses to the environment have been examined in numerous 
studies with regard to thermal comfort. While there is 
general agreement that the movements of heat, moisture, and 
air through a fabric are the most critical factors 
10 
11 
governing thermal comfort, a more thorough understanding of 
clothing comfort can be achieved when the psychological 
factors are examined. 
Almost universally, scaling techniques have been used 
to measure an occupant's feeling or response toward the 
environment <Rohles, Konz, McCullough & Milliken, 1983>. 
The process of making Judgments from our sensory perception 
of the world is termed psychological scaling. The 
psychological scaling utilized in clothing comfort involves 
a commonly recognized sensation or combination of 
sensations that are defined in the prospective rater's 
language of perception. Hollies <1977> states that the 
most meaningful psychological scale work has resulted from 
studies in which the observer is allowed free use of the 
language he/she considers appropriate to describe the 
attribute under study. However, clothing comfort 
investigations which permit such allowances can not be 
found in the literature. 
A review of the clothing comfort literature reveals 
that instruments designed to measure comfort sensations 
used to date have focused on tapping those sensations that 
relate to temperature perception, those that deal with the 
clothing/skin/interface, and finally, those that assess an 
overall, or global comfort level. The methodologies 
utilized to assess these subJective components of clothing 
comfort have varied widely and illustrate the lack of 
programmatic research toward this obJective. 
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Thermal Comfort: AffectlyeJy Defined 
The American Society of Heating, Refrigeration and 
Air-Conditioning Engineers, Inc. <ASHRAE>, defines thermal 
comfort as Nthat condition of mind which expresses 
satisfaction with the thermal environment" <1981, p. 2>. 
The Ncondition of mindN premise implies that a quantitative 
assessment of thermal comfort must involve the measurement 
of affectivity, or how one feels. Comfort has also been 
defined as a sensation of contented well-being and the 
absence of unpleasant feelings <Fuzek & Ammons, 1977>. 
Unlike the physical and physiological factors that are 
obJectively measured, comfort sensation is subJective. 
Furthermore, comfort is dynamic, continually changing as we 
become accustomed to changes in fibers, fabrics, fashions, 
etc. 
SubJective estimation of thermal comfort has been 
assessed on various verbal scales describing the sensation 
in ordinal terms of Ntemperature•, "pleasantnessN or 
Ncomfort.N Gagge, StolwlJk, and Hardy (1967> however, 
showed that these three verbal scales were not the same and 
perhaps discriminated different sensations. 
Thermal Sensation 
ASHRAE <1981> defines thermal sensation as Na 
conscious feeling commonly graded into categories of cold, 
13 
cool, slightly cool, neutral, slightly warm, warm and hot" 
<p. 2>. The Institute for Environmental Research at Kansas 
State University under ASHRAE contracts has conducted 
extensive research on the thermal sensation of clothed 
subjects since 1963 utilizing this seven-point nominal 
scale. In thermal comfort research, it ls the most 
predominant subJective measure of thermal sensation 
although it has often been extended to nine points to 
include "very hot" and "very cold" <Fig. 2~ Rohles & 
Laviana, 1985>. 
Figure 2. 
( I VERY HOT 
( I HOT 
( I WARM 
( I SLIGHTLY WARM 
( I NEUTIIAL 
( ) SLIGHTLY COOL 
I I COOL 
( I COLD 
( l VEJIY COLD 
Nine Category Thermal Sensation Scale. From "Indoor 
Climate: New Approaches to Measuring How You Feel" bY. 
F. H. Rohles ana J. E. Laviana, 1985, Proceedinds of 
BLIMA 2000, 4, p. 2. Copyright 1985 by the Wort 
ongress of Heating, Ventilating and A1r Conditioning. 
Reprinted by permission. 
The McGinnis Thermal Scale <Fig. 3> has been shown to 
be highly. reliable for thermal stress assessment in both 
hot and cold climates <Hollies, 1977>. It has most 
recently been used by Hollies, Custer, Morin, and Howard 
<1979> and DeMartino et aJ. <1984> for assessing the 
metabolic p~econditlonlng of test subJects and the 
repeatability of the microclimate conditioning protocol. 
This simple linea~ scale is an example of a subJective 
14 
measure that makes "maximum use of man~s innate ability to 
perceive and measure complex phenomena" <Hollies. 1977, p. 
114>. 
I AM: 
1. So cold I am helpless 
2. Numb with cold 
3. Very cold 
4. Cold 
S. Uncomfortably cool 
6. Cool but fairly comfortable 
7. Comfortable 
8. Warm but fairly comfortable 
9. Uncomfortably warm 
10. Hot 
11. Very hot 
12. Almost as hot as 1 can stand 
13. So hot I am sick and nauseated 
Figure 3. McGinniss Thermal Scale. From 11 A Human Perception Analysis 
Approach to Clothing Comfort" b~ N. R. S. Holliesr A. G. 
Custer, C. J. MarinA and M. E. Howard, 1979~ Textile 
Research Journal,~ p. 559. Co~yright 19r9 by the 
Textile Research Institute. Reprinted by permission. 
A psychophysical approach was used by Stevens and 
Stevens <1960) in exploring the human bounds of temperature 
perception. A magnitude estimation app~oach was utilized 
to dete~mine whether the detection of heat and cold formed 
a continuum of sensation as measu~ed at the skin. Twelve 
subJects were asked to let the number 10 stand for the 
subJective wa~mth of an aluminum cylinder at 39.0°C 
15 
p~esented to the ante~io~ su~face of the fo~ea~m followed 
by random presentations between 35.0°and 47.2°C to the same 
location. Each subject made th~ee magnitude estimates of 
each stimulus intensity. The geometric means of the 36 
estimates a~e rep~esented by the points in Flgu~e 4. It 
was found that tempe~ature sensation ~ew as a power 
function of the intensity of the aluminum stimuli. No 
attempt has since been made to relate these findings to 
clothing comfo~t. Howeve~, Hollies <1977> included this 




5 10 2050 
(C) ABOVE NEUTRAL 
Figure 4. 
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Clothing/Skin Interface Sensations 
Features of apparel that greatly influence comfort 
sensations are 1> the ability of clothing to handle 
moisture at the skin interface and 2> the nature of the 
clothing contact with the skin <Hollies, 1965>. The nature 
of clothing contact with the skin, or tactility, may be 
perceived in a number of ways. Generally, those 
perceptions dealing with wetness in next-to-skin clothing 
are distinct from those dealing with fabric "hand" or 
degrees of stiffness, roughness, thickness or other tactual 
descriptors. 
The perception of moisture in next-to-skin clothing 
depends, in part, upon the water content of the fabric. 
Hollies <1977> utilized a subJective comfort rating CSCR> 
of: 1> dry 2> slightly damp 3) moderately damp and 4> wet, 
to assess wearers/ perceptions of moisture in shirts that 
were chemically treated to change their rates of drying 
<Figure 5>. The results illustrate the accuracy of 
wearers/ perceptions of moisture to actual water contents. 
Other researchers investigating the perception of fabric 
wetness <Holmer 1985; Vokac, Kopke, & Keul, 1976) have used 
five point rating scales with similar descriptors. 
Fabrics that come into contact with warm, moist, 
sweating skin give a heightened intensity of sensation at 
the skin surface. Even a small amount of moisture in the 
ambient air can cause a sensation of discomfort as shown in 
17 
Figure 6 <Hollies, 1971). The results indicate a strong 
relationship between the water content of the clothing due 
to sweating, the water content of air or relative humidity 
of the comfort test room and the subJective comfort rating 
<SCR> assigned to the garment worn. Consequently, as 
moisture ln the clothing and atmosphere increases, the 







c.J ID • 
C( 
SUBJECTIVE RATING 
Perception of Moisture in Clothing. From 11 PS}'Chological 
Scaling in Comfort Assessment 11 <~. 115) by N. R. S. 
Ho II i es, 1977. In N. R. S. Ho II 1 es & R. F. Go I dman 
<Eds.), Clothing Comfort, Ann Arbor, MI: Ann Arbor 
Science. Copyright 1977 by Ann Arbor Science. 
Several researchers investigating the human tactile 
perception of clothing <DeMartino et al ., 1984; Hollies, et 
al., 1979; Hollies, DeMartino, Yoon, Buckley, Becker & 
18 
Jackson, 1984; Vokac et al., 1976> have used the methods 
for documenting contact sensations originally developed in 
a study conducted by Hollies <1965> for the United States 
Department of Agriculture. A list of descriptors was 
developed and refined by repeated experiments in which 
participants were asked to describe the sensations they 
were experiencing. The final Jist of descriptors are words 
that are used to report comfo.rt sensat 1 on~ 1 n the raters" 
language of perception. A four point intensity scale was 
developed to accompany the list with which subJects are to 
rate the sensations <Figure 7). 
Figut"e 6. 
... ~ ·~.'-./·-·1 
I 1 IS 31 45 II 
Time Pwiocl in Minutes 
Subjective .Comfot"t Rating <SCR) of Clothing in Moistur-e 
Envit"onments. From "Psychological Scaling in Comfor-t 
Assessment" <~. 116> b~ N. R. S. Hell ies, 1977: In 
N. R. S. Hollies & R. F. Goldman <Eds.>, Clothing 
~om;obt, Ann At"bor-~ ~I: Ann Ar-bor' Science. Copyr-ight 
97 y Ann At"bot" ~cience. 
During the run you will be asked to fill in this chart under an appropriate time period. Please rate the intensity of the comfort 
!leDU.tious for the garments you are wearing. If any of the comfort descriptors listed below are sensed, put a rating in the appropriate 
box according to the intellSl. "ty of the sensation, when requested by the panel operator. If you perceive additional seusatious due to 
wearing the garments, please note these comments at the bottom of the page and the time period in which they were noticed. 




























IEB§§§ I I II I I II I I II 
From the chart at your table, 
write in the number of your 
McGinnis Scale Rating. CDCDD:JDDCJ 
Comments on the locatio 
that feel uncomfortable 
Additional sensations no 
Figure 7. Comfort Sensation Intensity Scale. From "A Human 
Perception Analysis AQproach to Clothing Comfort" by 
N. R. S. Hollies, A. G. Custer, C. J. Morin, and M. E. 
Howard, 1979~ Textile ~ese9rch Journal, 49,,p. 558. 
Copyright 19r9 by the ext1le Research Institute. 
Reprinted by permission. 
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Clothing comfort investigations utilizing these 
methods <DeMartino et al., 1984; Hpllies, et al ., 1979; 
Hollies, DeMartino, Yoon, Buckley, Becker & Jackson, 1984; 
Vokac et al., 1976> reveal that changes in the clothing 
microclimate produce corresponding sensations described 
with words such as sticky, clingy, clammy, damp and 
·nonabsorbent. The intensity of the discomfort sensations 
is directly influenced by the amount of moisture at the 
clothing-skin interface, and the buildup of moisture on 
clothing next to the skin CScheurell, Spivak & Hollies, 
1985). However, for normal wearing conditions in which the 
heat balance within the body is maintained with vasomotor 
control, differences in the tactile properties of clothing 
are not found with this approach to assessment unless 
fabrics are unusually textured (Hollies et al., 1979>. 
More recently, researchers investigating the influence 
of skin wettedness on the perception of fabric texture and 
pleasantness utilized line scales with sensation 
descriptors on either ends CGwosdow, Stevens, Berglund, & 
StolwiJk, 1986>. Subjects were asked to record their 
sensations by placing a mark on each line scale as each of 
the test fabrics were pulled across the inside of their 
forearm under different environmental conditions <Figure 
8>. The subjective responses were quantified as distances 
<mm> from the subject's mark to a given zero point. Thus, 
within the parameters of the end point descriptors, 
subjects were able to determine their own spacing on the 
scales by indicating the degree of fabric texture or 
21 
pleasantness expe~ienced. Findings f~om this study we~e in 
agreement with othe~ studies of contact sensations. As 
moistu~e on the skin su~face inc~eased, so did ~atings of 




·~ rough textwe 
no textwe at al 
(unooth} 
Subjective Rating Chart. From 11 Skin Friction and Fabric 
Sensations in Neutral and Warm Environments 11 by A. R. 
Gwosdow, J. C. Stevens, L. G. Berglund, and J. A. J. 
StolwijkA 1986, Textile Refearch Journal, 56, 
p. 575. ~opyright 1986 by he Text1le Research 
Institute. Reprinted by permission. 
"Global" Comfo~t Sensations 
While it may be assumed that the main components of 
the perception of clothing comfort a~e the thermal and 
tactile sensations, a global assessment of subjective 
22 
comfo~t has been sought using a five o~ six point 
•comfortable" to "uncomfortable" scale <Holmer, 1985; Vokac 
et al., 1976). However, the comfort ballot presented in 
Figure 9 has more recently been employed in comfort 
research and is detailed by Laviana and Rohles <1987). 
This measure was derived using the semantic dlffe~ential 
scale with values ~anglng f~om 1 to 9 assigned to each 
space along the continuum. Originally, a thermal comfort 
score was calculated by sunming the values assigned to each 
of the desc~iptors. More recently, factor analytical 
scaling techniques have been applied and a the~mal comfo~t 
score is computed by multiplying each response by its 
~espective loading and summing the products. A thermal 
comfo~t score is then computed in the form of a percentage. 
Figur:e 9. 
COMFOIITAILE _: _: _: _: _: -' _: _: -· UNCOMFOIITAILE 
lAD TEMP!IIATUIIE _: _: _: _: _: _: _: _: -' GOOD TEM,I!IIATURE 
PLEASANT _: _: _: _: _: _: _: _: -· UN,LI!ASANT 
. UNACCEPTABLE _: _: _: _: _: _: _: _: - ACCEPTABLE 
SATISFlED _: _: _: _: _: _: •_: _: _: DIIIATISFII!D 
UNCOMFOIITAILE _: _: _: _: _: _: _: _.: - · COIIFOIITAILE 
TEM"'!RATUIIE TEM"'!IIATUIII 
Ther:mal Comfor:t Scale in Semantic Differential For:mat. 
Fr:om 11 Ther:mal Comfor:t: 'A New 'Appr:oach for Subjective 
Evaluation•• by J. E. Laviana and R. H. Rohles, 1987 .z. 
'ASHR'AE Tr:an~acti~ns, 93<1), [>. 1077. Copyright 198r 
by the Ariier:1can oc1ety for: Heating Refnger:a~in~J and 
'A1r Conditioning Engineers. Reprinted by permtsston. 
Implicit in the use of this scale <Figure 9> is the 
assumption that the descriptors comp~lslng the adJective-
pairs are bipolar; that is, the adjectives will have a 
correlation of -1. If this assumption is met, each 
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adjective-pal~ should define a specific psychological 
continuum. If the assumption falls, then its validity may 
be questioned. Lavlana and Rohles <1987> asse~t that 
~esea~ch has not suppo~ted the assumption that blpola~ 
pai~s a~e t~uly blpola~. 
As an alte~natlve to the the~mal comfo~t scale 
p~esented in Figu~e 9, Laviana and Rohles <1987> suggest 
the use of a multiple item scale fo~ assessing subjective 
~esponses to the the~mal envi~onment <Figu~e 10>. On this 
scale, the ~ate~ evaluates each of the desc~lpto~s of the 
the~mal envl~onment individually without an implied 
~elationship. As detailed by the autho~s, an analysis of 
va~iance is conducted on each adjective and the ~esiduals 
a~e then used to compute a co~~elation mat~ix to be used in 
facto~ analysis. The ~esulting facto~s will gene~ate the 
final scales. This app~oach encou~ages investigato~s to 
alte~ the desc~ipto~s used in the ballot and to de~lve 
thei~ own scales f~om the ~esultlng facto~ analyses. 
Anothe~ app~oach to subjective measu~ement of the 
the~mal comfo~t of the envl~onment utilized a no~mallzed 
ce~tainty scale to measu~e comfo~t of va~ious body pa~ts 
when seated ln office chal~s <Rohles & Lavlana, 1985>. The 
scale has the unique featu~es of measu~lng the "ce~talnty" 
of the comfo~t judgment and weighting the eleven possible 
~esponses acco~ding to the no~mal p~obabllity cu~ve. The 
no~malized ce~tainty scale was also used ln the senso~y 
assessment of fab~ic hand by Winako~ and Klm <1980> and was 
found to be highly sensitive. 
THERMAL ENVIRONMENT IALL.OI' 
Instructions: Below Ia a list of words that can bt uslid to dnc~bt tht tlltmlal 
environment. We would like you to l'llt now accurately tilt -• btlow de-
scribe tilt THERMAL ENVIRONMENT of this place. Usa tilt following 1·7 
scala tor your ana war tor tacll word. 
1. uncomfortable •..• ···--
2. content wltll •••••••.. --
3. agreeable .•.•...•... --
4. toltrablt .••......... __ 
5. unpleasant .......... --
8. lnoidaquate .......... --
7. annoying ••.....•... --
8. undtolrablt .....•... --
9. satisfactory ......... --
10. miserable ........... --
7 • very accurate 
e-accuratt 
5. allghlly --
4 • NEUTRAL, netthlr accurate nor lnaccuratt 
3 • aliglltly lnaccurata 
2 • inaccurate 
1 • very Inaccurate 
THE THERMAL ENVIRONMENT 
1~ good ............... __ 
13. unacceptable .•..•.•. __ 
14. enjoyable .......•..• __ 
15. graat ···············--
18. dlstrasoful .......•.. --
17. bad················--
18. acceptable .......... __ 
19. discontent with ...... --
20. pleasant ..•......•.• --
21. dissatisfied with ....• __ 
11. satisfied witll ........ -- 22. comtortablt ......... --
23. intolerable .....••... __ 
24. dlsagretablt .....••• --
25. adequate •..•...•... --
28. desirable ........... __ 
27. unutlsfactory ....... __ 
28. gratifying .....•..... __ 
2$. plaaslng .•..••• : .. ':. __ 
30. poor···············--
31. appealing ........... __ 
32. d~lghtful ........... --
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Figur-e 10. Ther-mal Envir-onment Ballot. Fr-om "Ther-mal Comfor-t: A New 
Appr-oach for- Subjective Evaluation" by J. E. Laviana and 
R. H. Rohles, 1987, A~~RAE Tran~ctions, 93<1>, 
~· 1078 Co~yright 19 by the er1can Society for 
Heating, Refrigerating and Air Conditioning Engineers. 
Reprinted by permission. 
Psychophysical Determinations 
Psychophysics is the study of sensations and how thei~ 
magnitudes a~e related to the intensities of the initiating 
st i mu I i < D" Amato, 1 970 >. As in the determination of 
clothing comfort, psychophysical determinations involve two 
continua which belong to completely diffe~ent ~ealms: 
a psychological continuum 
and 
a physical continuum 
Skin and body core temperatures, humidity of the 
microclimate, sweat ~ate, activity level, heart rate, 
environmental conditions and the clothing cha~acte~istics 
of fiber/yarn/fabric/finish composition and design are 
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c~itical facto~s in dete~mlning clothing comfo~t that 
belong to the physical continuum and a~e thus, mo~e easily 
quantified. The sensations that these facto~s elicit in 
the wearers belong to the psychological continuum and are 
less easily quantified. 
Quantification of the relationship between the 
continua is dependent on the communication of info~mation 
regarding the subJect's sensation. This takes place by 
means of an observable response o~ NJudgmentN by the 
subJect <Bock & Jones, 1968>. The sequence of events in 
any psychophysical determination can thus be illust~ated 
as: 
Stimulus - > Sensation - > Judgmental Response 
The goal of psychophysical dete~mination is congruence 
between the sensation experienced and the Judgment 
expressed <D'Amato, 1970>. 
The relationship between stimuli in the physical 
domain and sensations in the psychological domain has been 
an intense subject of study for over a century, though the 
methods seem to have eluded researchers in the clothing 
area until recently. Hollies' <1977> mention of magnitude 
estimation of thermal stimuli was an attempt in this a~ea, 
but the connection to clothing was not made. More 
~ecently, howeve~, lnvestigato~s in the a~ea of fab~ic 
handle have attempted to Nbuild a b~idge of unde~standing 
between obJective and subJective measu~ement" with the use 
of psychophysical methods <Elde~, Fisher, Hutchison, & 
Beattie, 1985, p. 442>. Elde~ et al. <1985) established a 
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scale of stiffness for fabrics that allows conversion 
between the physical parameter of drape coefficent and the 
subJective assessment of fabric stiffness as determined by 
magnitude estimation. 
Since the dimensions involved and the sequence of 
events in psychophysical determinations are the same as 
those involved in the assessment of clothing comfort, the 
evolution of the laws believed to govern psychophysical 
relationships will be reviewed. 
Psychophysical Laws 
Psychophysical laws relate psychological sensation to 
the physical stimulus responsible for evoking the sensation 
<D'Amato, 1970>. E.H. Weber, a psychophysicist in the 
early nineteenth century, proposed what is now known as 
Weber's Law. After conducting numerous experiments 
involving various sensations and physical stimuli, Weber 
concluded that the intensity of a stimulus must be 
increased by a constant fraction of its starting intensity 
in order for subJects to notice a difference in sensation 
from the initial sensation. Thus, Weber's Law states that 
in order for a change ln a stimulus to become AJust 
noticeable•, a fixed percentage must be added. 
Accordingly, the AJust noticeable differenceu <JND> grows 
larger in direct proportion to the size of the stimulus. 
Weber's prediction has been confirmed for a wide range of 
stimulus intensities and sensory modalities. However, it 
does not hold for low stimulus intensities; the fraction 
tends to grow disproportionately at very low intensities. 
Nevertheless, it is an extremely useful calculation 
providing an index of sensory discrimination which can be 
compared across different conditions and different 
modalities <Geschelder, 1976; Engen, 1971>. 
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In 1860, Gustav Fechner, another psychophysicist, 
proposed that sensation magnitude could be indirectly 
quantified by relating the stimulus intensity values on the 
physical scale to corresponding values on the psychological 
scale <Fechner, 1966). In other words, he conceptualized· 
Weber's findings on a psychological dimension which could 
be lawfully related to a physical dimension. He proposed 
that each time a JND is added to the stimulus, the 
psychological sensation increases by a jump of a constant 
size. For Fechner, all steps, or jumps, were subjectively 
equal by assumption. He considered the JND a standard unit 
of sensation magnitude because it is the smallest 
detectable increment in a sensation and therefore always 
psychologically the same size. Building upon Weber's work 
and now known as Fechner's law, Fechner proposed that the 
magnitude of a sensation grows in proportion to the 
logarithm of the stimulus <Stevens, 1975>. 
Today, Fechner's law ls not regarded as an accurate 
statement of the relationship between stimulus intensity 
and sensation magnitude. His law is based on two 
assumptions which have been shown to be inaccurate. First, 
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that Weber's fraction is a constant of the starting 
intensity of the stimulus, and secondly, that the JND is an 
equal unit of sensation at all levels of stimulus 
intensity. Both have been proven to be false under certain 
conditions <Engen, 1971>. However, the importance of 
Fechner's work lies in the direction he took in the concept 
of measurement in psychological investigation <Stevens, 
1975). 
Fechner's logarithmic law was replaced in the 1950s by 
a new psychophysical Jaw that emerged as a result of 
renewed interest in psychophysical research. S.S. Stevens 
<1975> proposed that a power function defines the 
relationship between sensation magnitude <~> and stimulus 
intensity <->. His Jaw states that sensory estimations 
increase in proportion to the stimulus intensity raised to 
a power. The power depends on the sensory modality and the 
stimulus condition. The function may be written as: 
~ = k~a 
or in its logarithmic form: 
Jog ~ ~ log k + a Jog ~ 
(1) 
(2) 
where k is a constant of proportionality whose value 
depends on the choice of units for the measurement of~ 
and ~ ; and the exponent a reflects the rate at which 
sensation magnitude grows with respect to the stimulus. 
The size of a varies depending on the sensory modality and 
the conditions of stimulation <Gescheider, 1976). 
29 
Methods of Psychophysics 
The concept of a sensory threshold is integral to the 
study of psychophysical methods. The absolute "threshold" 
or limen Cits Latin equivalent> is defined as the minimum 
value of a physical stimulus that will evoke a sensation. 
It is usually abbreviated as AL. The difference threshold 
CDL> is the minimum amount of stimulus change·required to 
produce a sensation difference, referred to as the Just 
noticeable difference on the sensation continuum. For 
example, -if the stimulus is 20 units and the stimulus has 
to be increased to 25 units to produce a Just noticeable 
increment in the sensation, the difference threshold would 
be 5 units. 
Three psychophysical methods have gained particular 
prominence in investigating the laws relating sensory 
experience to initiating physical stimuli. They are: 
1) the method of limits 
2> the method of constant stimuli and 
3) the method of adJustment. 
An important feature of the three methods is that they 
ask the subJect to make the simplest possible Judgements: 
to detect the presence or absence of a sensation or to 
decide whether two sensations are equal in magnitude or 
different. These discriminations are among the most 
reliable Judgments of which organisms are capable 
CGescheider, 1976>. The first two methods wi 11 be 
explored. 
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Method of Limits. Determination of the absolute 
threshold/limen <AL> is calculated by rapid initial 
testing. A stimulus is presented to the subject of such 
intensity that higher values of it are clearly above 
threshold and lower values of it are well below threshold. 
Further, the stimuli are chosen sa that they are separated 
by a constant and relatively small difference in value 
<D"' Amato, 1970 >. 
Stimuli are presented to the subject in a decreasing 
or an increasing order, starting from a paint where the 
stimulus is well above <or below> the threshold. Upon 
presentation of the stimulus, the subject is asked to 
respond as to whether the stimulus is present or not. The 
procedure is repeated until the subject can no longer 
detect the stimu 1 us <i.e., if a descend! ng order was used>. 
At this transition point the series is terminated. The 
absolute threshold an any series is assumed to lie midway 
between the two values of the stimuli over which the 
response reversal occurred. 
The same procedure is repeated far several different 
series, half of the series descending <D> and half 
ascending <A>. The starting paint of a series varies among 
the A series and among the D series. After completing a 
total of n series, the mean of the absolute thresholds is 
determined to be the AL. 
Unlike AL, which is an indicator of absolute 
sensitivity, the difference limen <DL> is a measure of 
differential sensitivity, i.e., the ability to discriminate 
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differences between stimuli. In determining the DL by the 
method of limits, two stimuli are presented to the subject 
on every trial - a standard stimulus <St> and a variable 
stimulus <Sv>. On successive presentations the Sv is 
changed by a small amount in the direction of the St. The 
subJect's task is to Judge whether the magnitude of the 
sensation evoked by the Sv is greater than, less than, or 
equal to that elicited by the St. 
The •upper threshold• or UT is the midpoint between 
the two stimuli where the response changes from •greater 
than• to •equal•. The lower difference threshold, or LT, 
is the midpoint betwee-n the adJacent stimuli where the 
response of • equa 1 • changes to • 1 ess than. 11 The range over 
which the subJect cannot perceive a difference between the 
Sv and the St is called the interval of uncertainty <IU> 
and is computed by subtracting the mean LT from the mean 
UT. The DL is defined as the mean of the difference 
thresholds, or half of the IU. The point of subJective 
equality <PSE> is the point at which the subject determines 
the Sv to be equal to the St. It is calculated by locating 
the midpoint between UT and LT <see example, Table 1>. 
Method of Constant Stimuli. The name for this method 
is derived from the fact that the same set of stimuli are 
used repeatedly throughout the experimental procedures. 
The advantage of this method over the method of limits is 
that it eliminates the errors of habituation 
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and anticipation, i.e., the se~ies-di~ection va~lable. 
The disadvantage is that th~eshold dete~mlnation is tedious 
and time-consuming because eve~y stimulus must be p~esented 
a la~ge numbe~ of times. 
In dete~mining the absolute th~eshold of sensation by 
this method, the fi~st step is to choose a ~ange of fou~ to 
eight stimuli that include the value of the AL in the 
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Determination of Difference Threshold by Method of Limits. 
From Experimental Ps)chology: Methodology¢ Psychophysics 
and Lea~n1ng (p. 126 by M. R. D;Amato 70, New York: 
McGraw- 111. Copyright 970 by McGraw-Hill. Reprinted by 
permission. 
range of stimuli, unlike the method of limits, should not 
include values that are clearly superthreshold and 
subthreshold. One end should encompass a value that will 
be perceived on a little more than zero percent of the 
trials. The other end should contain a value up to a 
magnitude that will be perceived somewhat less than 100 
percent of the time. 
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The subJect is presented with each stimulus a 
relatively large· number of times in random order. The 
number of "yes" or •no" responses for each stimulus 
intensity is recorded. For each stimulus value the 
proportion of "yesu responses is computed. A psychometric 
function graph is constructed with stimulus intensity 
plotted on the abscissa and the proportion of yes responses 
on the ordinate. The AL is the stimulus value that evokes 
a "yes" response on one half of its presentations to the 
subject. The best fitting curve for the data points is an 
S-shaped function. Psychometric functions often follow a 
particularS shape called an ogive, which is a cumulative 
form of the normal distribution CGescheider, 1976> CFigure 
11). 
In determining the DL by this method, the St and the 
Sv are presented to the subject in random order. The 
subject judges whether one member of the pair is greater 
than or less than the other. The values of the comparison 
stimuli are chosen so that the stimulus of greatest 
magnitude is almost always Judged greater than the standard 
and the stimulus of least magnitude is almost always judged 
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less than the standard. A psychometric function is 
obtained with the proportion of ngreaterN responses plotted 
against values of the comparison stimuli <Figure 12). The 
.5 on the psychometric function is the point of subjective 
equality <PSE> and represents the value of the comparison 
stimulus which over a large number of trials is 
subjectively equal to the standard stimulus. The 
difference between the .75 point and the PSE yields the 
upper difference threshold, or UT. The lower difference 
threshold, LT, is determined by finding the difference 
between the .25 point and the PSE. The LT and UT are 
averaged to give one difference threshold <DL> for a 
particular standard stimulus <Geschelder, 1976). 
Figure 11. 
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Determining Absolute Threshold by the Method of Constant 
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Figure 12. Determining Difference Threshold by the Method of Constant 
Stimuli. From Ps0cbofihYaics: ~ethod and Theory <p. 26) by G. A.esc e1 er, 1 76, New Jersey: Lawrence 
Erlbaum. Copyright 1976 by Lawrence Erlbaum Associates. 
Reprinted by permission. 
Psychophysical Scaling 
The problem of psychophysical scaling is summed up by 
Trygg Engen <1971> in the following statement: 
In order to understand behavior in relation to 
physical energies which may elicit or control 
that behavior, it is valuable to know the 
relationship between perceived <or response> 
magnitude and physical stimulus magnitude. Thus, 
psychophysical scaling involves the measurement 
of a sensation in relation to its initiating 
stimulus. Such methods are designed to generate 
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a numerical scale of sensory magnitude. <p. 48> 
Psychophysical scaling can be approached from either 
direct or indirect methods. Both methods can be utilized 
to establish sensory scales in which numbers are assigned 
to the intensity of sensations. The first psychological 
scales were based upon discrimination ability. Fechner's 
JND, or the DL, as a unit of sensation is an example of an 
indirect approach to measuring sensation. Once the JND has 
been determined for a given stimulus and sensory modality, 
a scale of sensory magnitude can be developed using the 
mathematical formula derived from Fechner's law: 
~ = k log ; (3) 
where ~is the sensation magnitude,- ~the intensity of the 
stimulus in units above absolute threshold, and k ls a 
constant that depends upon the value of the Weber fraction 
<Geschelder, 1976, p. 9>. 
In contrast to the indirect method, the direct 
approach utilizes Steven's Power Law in establishing a 
psychophysical scale. With this approach, an_ individual is 
required to make a direct estimation of the relative 
strength of his/her sensations. Magnitude estimation is an 
example of a direct psychophysical scaling whereby the 
subJect makes direct numerical estimations of the sensory 
magnitudes produced by various stimuli that are presented 
in random order <Stevens, 1975>. The sensory attributes 
that have been scaled by means of magnitude estimation 
include: loudness of white noise; tonal volume; apparent 
brightness of visual stimuli; warmth and cold; apparent 
~oughness of sandpape~; appa~ent length of lines; and 
intensity of salt solutions <Engen, 1971>. 
An example of inst~uctlons to the obse~ve~ is p~ovlded 
by Stevens <1975>: 
You will be p~esented with a se~ies of stimuli 
in i~~egula~ o~de~. You~ task is to tell how 
intense they seem by assigning numbe~s to them. 
Call the fi~st stimulus any numbe~ that seems 
app~op~iate to you. Then assign successive 
numbe~s in such a way that they ~eflect you~ 
subjective lmp~esslon. The~e ls no limit to the 
~ange of numbe~s that you may use. You may use 
whole numbe~s, decimals, o~ £~actions. T~y to 
make each numbe~ match the intensity as you 
pe~celve lt. <p. 30> 
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Stevens and Ma~ks (1971> investigated the ~elationshlp 
between stimulus intensity and body a~ea fo~ wa~mth 
sensations. Magnitude estimation was used to quantify 
wa~mth sensations fo~ stimuli of va~ious intensities above 
th~eshold and va~ious a~eal extents. Stimuli we~e applied 
to the subjects' fo~eheads by the heat of a p~ojecto~ lamp 
and its intensity was va~led by ~egulating its voltage. 
A~eal extent of ~adiation was va~led by the use of 
diffe~ent sized aluminum masks placed between the lamp and 
the skin. Du~ing each session, a stimulus was p~esented to 
the subject eve~y 30 seconds. Eighteen subjects made two 
magnitude estimations of each stimulus. They we~e asked to 
judge how wa~m each .stimulus felt by assigning numbe~s to 
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stand for the amount of apparent warmth. It was found that 
the degree of apparent warmth .grows approximately as a 
power function of intensity level. 
The magnitude functions for stimuli of various sizes 
are shown in Figure 13. The data presented in this figure 
are the geometric means of the magnitude estimates plotted 
on double logarithmic axes. Because the power function 
becomes a linear function when a logarithmic transformation 
is perfomed on each side of the equation <see Equation·2>, 
the method of least squares can be used to find the 
constants log k and a in the power equation which best fit 
the data. The determination of the exponent of the power 
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Figure 13. Magnitude Estimation of Warmth for Heat Stimuli of Various 
Areal Extents. From 11 Spatial Summation and Dynamics of 
Warmth Sensation,. by J. C. Stevens, and L. E. Marks, 
1971,_Percf~tion a~R P~ycb~physjcs 2, p. 392. 
Copy~lg~t71 bye syc onom1c Society. Reprinted by 
permission. 
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Elde~, Fishe~, A~mst~ong and Hutchison <1984a) used a 
magnitude estimation app~oach to establish the relationship 
between subjective and objective measu~es of fab~ic 
softness. Wo~ds used to desc~ibe the va~ious p~ope~ties of 
fab~ic handle, such as softness, often have mo~e than one 
meaning and this c~eates a p~oblem for investigato~s. To 
cla~ify this point, the autho~s point out the diffe~ence 
between the meaning of the wo~d "softness .. to desc~ibe 
eide~down and the same wo~d to desc~ibe silk. The wo~d 
used to desc~ibe the sensation that each of the fab~ics 
evoke is the same, but the meaning is dlffe~ent. Thus, a 
di~ect psychophysical approach utilizing magnitude 
estimates of softness was used to ci~cumvent this p~oblem 
of te~minoJogy. 
In this study <Elde~ et aJ ., 1984a> subjects we~e 
asked to use. numbe~s to desc~ibe the softness of fab~ic 
samples that we~e compa~ed to a standa~d fab~ic sample with 
a given softness of "12 11 • Softness was defined by the 
investigato~s as 11 ease of yielding to p~essu~e" <p. 37) and 
was measu~ed objectively by comp~ession tests on an Inst~on 
Tensile Teste~. Thei~ findings ~evealed that subjects we~e 
able to dlsc~iminate between levels of comp~essional 
softness by the method of magnitude estimation. The 
geomet~ic means of the softness estimates we~e plotted 
against the comp~essional values in a Jog-log plot <Figure 
14>. The Joga~ithmic values of softness and comp~ession 
we~e found to co~~elate linea~ly, thus demonst~ating that a 
powe~ law gove~ns the ~elationship. 
Figure 14. 
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In another study of fabric handle by the same authors 
(1984b>, the relationship between objective and subjective 
measures of fabric stiffness was investigated using a 
similar methodology. Fabric stiffness is an important 
property for a variety of end products, yet Judgments of 
the property using words often result in confusion over 
meanings of the words. Elder et al. <1984b) point out the 
common use of such words as firm, harsh, crisp and boardy 
as synonymous with stiffness. Winakor and Kim <1980> used 
the word 11 flexible" as a polar adJective to the word 
•stiffness" in a semantic differential while Elder et a1. 
<1984b> report that 11 not stlff 11 has been used to mean soft. 
It is clear that scaling techniques which utilize words to 
measure the property of fabric stiffness will not be 
reliable if the same meanings of the words used ln the 
scales are not shared by all subjects. 
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In this investigation of fab~ic stiffness, magnitude 
estimates of candidate fabrics were made using the same 
p~ocedu~e as in the p~evious study. An objective measure 
of stiffness, termed flexural rigidity, was made on a 
Shi~ley Cyclic Bending Teste~. Geomet~ic means of the 
magnitude estimates were plotted against the values of 
flexu~al ~igidity in a log-log plot. Figu~e 15 
demonstrates the linearity of the relationship and further 
evidence that sensations of fabric handle can be 
psychophysically scaled. These authors' wo~k served as a 
foundation in the p~esent study to unde~take a 
psychophysical app~oach to the assessment of moisture 
sensation. 
Figure 15. 
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Logarithmic Relation Between Subjective Magnitude of 
Stiffness and Flexural Rigidit~. From 11 Fabric softness, 
handle and compression" by H. M. Elder, S. Fisher, 
K. Armstrong, and G. Hutchison, 1984, Journal of the 
Textile Institute, 75, p.102. Copyr19ht 1984 by the 
Textile Institute. ~eprinted by permission. 
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This study was undertaken to explore the feasibility 
of using psychophysical methods to assess one component of 
clothing comfort; that of moisture sensation. The 
psychophysical method of constant stimuli was used to 
assess the absolute and difference thresholds of moisture 
sensation in the upper back area of 12 female volunteers. 
2 X 2 wet ted fabric swatches app 1 i ed t·o the skin served as 
the stimuli. The absolute threshold of moisture sensation 
was found to be 0.024 ml and the difference threshold was 
determined to be 0.0385 ml moisture. The psychometric 
functions for these determinations exhibited linear trends 
similar to those found in other areas of sensory testing 
utilizing psychophysical methods. It is anticipated that 
this study might provide the first step in a programmatic 
research effort toward the use of psychophysical methods to 
assess the contribution of moisture sensation to judgments 
of clothing comfort. 
A Psychophysical Method to Assess 
Moisture Sensation in Clothing 
Clothing comfort is an extremely complex subJect. A 
recent overview and position paper regarding the 
conceptualization of clothing comfort [3) defined it as a 
Nstate of satisfaction indicating physiological, 
psychological, and physical balance among the person, 
his/her clothing, and his/her environment .. <p. 14). 
Given the breadth of factors that impact clothing 
comfort, it is not surprising that a wide variety of 
techniques have been utilized to measure it. In the 
assessment of how a garment/fabric is perceived by the 
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senses of the wearer, psychological scaling techniques have 
been the most universal approach. In studies involving 
clothing comfort, investigators have most generally used 
various nominal and/or ordinal scales describing comfort 
sensations in terms of temperature, wetness, fabric hand, 
pleasantness, or comfort. Gagge, StolwiJk and Hardy [8] 
demonstrated that verbal scales of temperature, 
pleasantness and comfort were not the same and perhaps 
discriminated different sensations, thus emphasizing the 
importance of the choice of words for comfort scales. 
In contrast to psychological scaling, psychophysical 
scaling involves the measurement of a sensation in relation 
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to its initiating physical stimulus. Physical stimuli of 
known intensities are used to evoke the sensations under 
investigation. With a psychophysical scale. the subject is 
asked to make the simplest possible Jud~ents, such as to 
detect whether a sensation is present or absent or to 
decide whether two sensations are equal in intensity or 
different. These discriminations are among the most 
reliable Judgments that people are capable of making [51. 
The overall purpose of this study was to explore the 
feasibility of using psychophysical methods to assess one 
aspect of clothing comfort. that of moisture sensation. 
This particular aspect was chosen because it is often cited 
as the reason for dissatisfaction with the comfort 
properties of clothing. It is especially a problem with 
functional apparel because this type of clothing is 
frequently worn under stressful environmental conditions 
where moisture from the body. the atmosphere, or both. 
accumulates on the ~kin and within the clothing layers and 
results ln wearer discomfort. The upper back area of the 
body was chosen as the site to be tested. This location 
was selected because it is one area of the body in which 
most clothing has high contact with the skin, regardless of 
garment design. Specifically, this study was undertaken to 
1> determine the absolute threshold value of moisture 
sensation in subjects for one body location using one 
fabric type, and 2> to determine the difference threshold 
value of moisture sensation in the same. 
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Theoretical Framework 
Psychophysics, the scientific study of the relationship 
between stimuli in the physical domain and sensations ln 
·' 
the psychological domain (7,91 bas provided the theoretical 
foundation for research in the sensory realm <olafactory, 
auditory, visual, taste) and is now beginning to receive 
attention from researchers in the apparel and textiles 
field [61. Psychophysical determinations involve 
quantifying the relationship between variables belonging to 
continua from two completely different worlds, physical and 
psychological. The physical continuum is measurable in 
physical units representing a single change in some 
physical property, i.e.·, temperature, pressure, weight. 
Corresponding to the physical continuum is a psychological 
continuum that represents a well recognized sensation, i.e, 
warmth, softness, heaviness £101. Psychophysical methods 
establish experimental conditions that maintain close 
correspondence between the sensation experienced and the 
judgment expressed £5). 
The concept of a sensory threshold is integral to the 
study of psychophysical methods. The absolute Hthreshold11 
or limen <its Latin equivalent> is defined as the minimum 
value of a physical stimulus that will evoke a sensation. 
It is usually abbreviated as ALand represents the first 
landmark on the psychological continuum. 
The difference threshold <DL> is the minimum amount of 
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stimulus change required to produce a sensation difference, 
referred to as the just noticeable difference <JND> on the 
psychological continuum. E. H. Weber, a 19th century 
physiologist, determined that the stimu.lus intensity must 
be increased by a constant fraction of its value in order 
to be just noticeably different from its starting 
intensity. Weber"s Law is written as : 
dcp/cp = c 
where Acp is the change in stimulus_· intensity required to be 
just noticeably different, and c is a constant fraction of 
the starting stimulus intensity (91. Weber's prediction 
has been confirmed for a wide range of stimulus intensities 
and sensory modalities and has been shown to be an 
extremely useful calculation providing an index of sensory 
discrimination which can be compared across different 
conditions and modalities. 
Three psychophysical methods have gained particular 
prominence in investigating the laws relating sensory 
experience to initiating physical stimuli. They are 1) the 
method of limits, 2) the method of constant stimuli and 3) 
the method of adjustment £5, 7, 9, 101. All three methods 
demand that the subject respond simply 11 yes 11 or 11 no" or 
11 greater" or 11 1 ess" to sensations elicited by st imu 1 us 
intensities under the control of the investigator. The 
method of constant stimuli, so named because the same 
stimuli are used throughout the experiment, was used in 
this study. Thorough discussion of the method of constant 
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stlmull ls given by D1 Amato [5], Engen (7], Geschelder (9] 
and Guilford [10]. 
Method 
Test Facility 
All testing took place in an env1ronmentally 
controlled Lab-Line Instruments, Inc., chamber at Oklahoma 
State University. Environmental conditions within the test 
chamber were specified to simulate a thermally comfortable 
environment for lightly clothed subjects at rest. ASHRAE 
Standard 55-1981 [2], which specifies environmental 
conditions for thermal comfort in the built environment, 
was examined to determine temperature and relative humidity 
chamber conditions. Based on information provided by the 
standard, the test chamber was maintained at 26°C ±~and 
50% RH ±2% and an air movement of less than .15 m/s. 
Subjects 
Fifteen female volunteers were recruited from a large 
undergraduate class to serve as test subJects. SubJects 
were required to meet weight criteria as specified by the 
Metropolitan Life Insurance Company for their given height 
and frame size. SubJects were also required to pass a 
-----
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pre-screening test before being accepted for participation 
in the study. This was conducted as described below 
because a preliminary investigation in an uncontrolled 
environmental laboratory had shown that some subJects could 
·' 
not detect the presence of moisture on their backs [121. 
<See Appendix D>. The final twelve test subJects ranged in 
age from 19 to 23 with a mean age of 19.5. SubJects were 
paid five dollars for the pre-screening and twenty dollars 
in addition to that fee for participation in the study. 
Pre-screening 
Mapping. Tw.o areas of each subJect"s backs were 
mapped for moisture sensitivity. The upper back of each 
individual was studied to determine a 4 X 4 inch square 
area on which clothing would likely be in contact with the 
skin. The exact location of the square area depended on 
the configuration of bone, muscle, and fat in the scapular 
region of each individual. The area was generally 
identified as 2 to 3 inches down the spinal column from the 
top of the seventh cervical vertebrae <C?> and 
approximately 1 1/2 inch on either side of the column. 
4 X 4 inch grids containing sixty-four 1/2 X 1/2 inch 
squares were transferred to the right and left scapular 
regions of the back <see Figure 16>. Data sheets 
containing facsimilies of the grids were used to record 
each subJect~s responses <Appendix C>. 
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Figure 16 about here 
Fabric Stimuli. One hundred twen,,t y-e i gh t 1/2 X 1/2 
inch fabric swatches of a 50/50 cotton polyester blend in a 
lightweight plain knit fabric structure <T-shirt fabric> 
served as the stimuli. The fabric swatches were wetted by 
pipetting 0.10 ml of water to each. Preliminary testing 
had shown that this amount of moisture was easily detected 
by the majority of subJects £121. <See Appendix A>. 
Procedure. The subJects were asked to respond •yes" 
or "no" to whether they detected the presence of moisture 
on their back as each of the fabric stimuli was applied to 
a random location on the grid. Dry fabric swatches were 
applied intermittently. This pattern was repeated until 
moisture sensation in the 4 X 4 inch areas on the right and 
left scapulas had been assessed. Two of the fifteen 
subjects were exc.luded from the study because they did not 
sense moisture over a 2 X 2 inch area within the grid on 
one or both scapulas. Maps of those subjects who qualified 
for the remainder of the study were retained to determine 
placement of the experimental stimuli <Appendix H>. 
Stimuli 
2 X 2 inch swatches were cut from the same fabric used 
in the pre-screening and served as the stimuli. The fabric 
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swatches were placed in small glass moisture-proof 
containers. All moisture was removed from the swatches 
according to Procedure 1 of ASTM Method D 2654 [1]. 
Distilled water at room temperature was, applied to the 
surface of the fabrics inside of the uncapped glass 
containers with a Hamilton Microliter syringe. Prior 
testing revealed that the specimens did not gain moisture 
from the atmosphere in the ten seconds or Jess it took to 
wet the swatches and seal the container. The syringe was 
held at a constant angle and distance from the surface of 
the swatches. 
Preparation of stimuli for AL determination. Fabric 
swatches containing amounts of moisture expected to be 
perceived little more than zero percent ·of the time on the 
one end, and less than 100 percent of the time on the other 
end served as the stimulus range. The amounts of moisture 
applied to the fabrics were chosen on the basis of prior 
testing [121: 0.01, 0.02, 0.03, 0.04, and 0.05 ml. <See 
Appendix A>. 
Preparation of stimuli for DL determination. The 
fabric swatches prepared for the determination of the 
difference threshold <DL> included the following amounts of 
moisture: 0.03, 0.05, 0.07, 0.09, 0.11, 0.13, 0.15 ml. The 
middle value, 0.09 ml, served as the standard stimulus <St> 
to which each of the variable stimuli <Sv> were compared. 
A problem with one set of the fabric samples prepared for 
one subject resulted in discarding that subject~s results. 
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Procecrure 
SubJects entered the test chamber and changed into 
shorts, socks, sneakers and a T-shirt constructed of the 
,1, 
same stimulus fabric and altered to expose the right and 
left scapular regions of the back. The exact location of 
the 2 X 2 inch square areas on the right and left scapular 
regions defined for the presentation of stimuli was 
determined by studying the subJect/a pre-screening map 
which designated areas of moisture sensitivity CAppendix 
H>. A template was used to mark the 2 X 2 inch square on 
each scapula. 
Absolute Threshold. Prior to beginning testing, 
subJects were given an orientation to the process including 
the feel/sensation of a wet and dry fabric swatch. 
SubJects were reminded to respond to the sensation of 
moisture, not temp.erature. The absolute threshold of 
moisture sensation was determined by presenting the subJect 
with each stimuli for five seconds. SubJects were asked to 
respond 11 yes 11 if they felt the presence of moisture and 
11 n0 11 if they did not. A total of thirty trials were made 
with each subJect, including five trials with swatches 
containing no moisture. 
Difference Threshold. For the determination of DL, 
the application of a pair of stimuli to the subJect 
constituted a "trial". The standard stimulus est> was 
presented to the subject for five seconds, and then the 
va~iable stimulus CSv> was p~esented on the opposite 
scapula fo~ five seconds. The o~de~ of p~esentation fo~ 
each of the stimuli was alte~nated with the standa~d 
stimulus being p~esented fi~st on one h~lf of the t~ials. 
Afte~ the application of the second stimulus, the subject 
was asked to indicate whethe~ the va~lable stimulus was 
"g~eate~" o~ "less" than the standa~d stimulus. Thi~ty­
five t~ials we~e made with each subject. 
Results 
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Absolute Th~eshold. The pe~centage of ••yes" ~esponses was 
computed fo~ each stimulus value <Appendix IO and conve~ted 
to a z sco~e (Table 2>. The z sco~es we~e plotted on theY 
axis against the co~~esponding stimulus values on the X 
axis to examine the psychomet~ic function. If the 
psychomet~ic function is an oglve (a cumulative fo~m of the 
no~mal dist~ibution> it will exhibit a linea~ function when 
t~ansfo~med in this way [91. 
Table 2 about he~e 
The method of least squa~es was used to dete~mine the 
psychomet~ic function mo~e p~eciseJy. The constants fo~ 
the st~aight line equation that best fit the data <Y = 
-.714016 + 30.005X> we~e used to d~aw the line in Flgu~e 
17. The data in Figu~e 17 illust~ate the closeness of the 
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observed data points to those predicted by linear 
regression. Ninety-one percent of the total amount of 
variation in the data was accounted for by the linear 
regression of Yon X <r2 =.91>. The lipear relationship 
was significant at the .01 level of probability, F<1,3> = 
29.616. Thus, the psychometric function for determining 
the absolute threshold of moisture sensation is an ogive as 
predicted by psychophysical theory [9]. 
Figure 17 about here 
The absolute threshold value was determined by solving 
for X when z = 0 in the following equation: 
z =a+ bX <Equation 1> 
and was found to be 0.024 ml. This represents the stimulus 
quantity that resulted in detection of moisture 50 percent 
of the time. Theoretically, it represents the first 
quantifiable landmark on the psychological continuum; the 
absolute threshold of moisture sensation. 
Difference Threshold. A psychometric function for the 
determination of the difference threshold <DL> was obtained 
by converting the percentage of "greater" responses for 
each of the variable stimulus values <Appendix K> to z 
scores <Table 3> and plotting them against the variable 
stimulus intensities on the abscissa as shown in Figure 18. 
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Table 3 about here 
The straight line equation that best fits the data was 
' obtained by the method of least squares <Y = -1.320498 + 
17.5074X> and was used to examine the psychometric function 
more precisely. Again, support for a linear relationship 
was highly significant <p < .0004> at F <1,5> = 67.989. 
The proportion of variance accounted for by the linear 
regression of Yon X was ninety-three percent <r2 =.93>. 
Figure 18 about here 
·The Point of SubJective Equality <PSE> was determined 
by solving for x when z = 0 in Equation 1. Theoretically, 
the PSE represents the value of the variable stimulus which 
. is perceived as subJectively equal to the standard stimulus 
£71. This value was found to be 0.075 ml. The standard 
stimulus for this test was 0.09 ml. The difference between 
the PSE and the value of the standard stimulus is the 
constant error <CE> and reflects the effects of some 
uncontrolled factors which systematically influence the 
results. This is a typical phenomenon in psychophysical 
experiments which involve the successive presentation of 
two stimuli to two different locations £91. Although the 
presentation of the standard and variable stimuli were 
randomized for each trial in this experiment, a CE of 
-0.015 was found. Negative CE's a~e often found in 
expe~iments when the standa~d stimulus is p~esented fi~st 
and a~e thus ~efe~red to as time e~~ors. Time er~o~s a~e 
~epo~ted to exist in most psychophysical expe~iments 
although their occu~~ence is not ~eadily explainable [4J. 
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The uppe~ diffe~ence threshold <DLu> and lower 
difference th~eshold <DLI> we~e dete~mined by solving fa~ X 
when z = +.67 and -.67, respectively <see Equation 1). 
These z values ~ep~esent the judgment of the Sv as g~eate~ 
than the St 75 and 25 pe~cent of the time. The uppe~ 
diffe~ence th~eshold rep~esents the ~ange of stimulus 
intensities f~om the PSE (0.075 ml> to 0.114 ml of 
moisture. The diffe~ence between these values, 0.039 ml, 
represents one DL above the standa~d stimulus. The lowe~ 
diffe~ence th~eshold ~ep~esents the ~ange of stimulus 
intensities from 0.037 ml to the PSE. The value of 0.038 
ml ~ep~esents the value of the va~iable stimulus pe~celved 
to be one DL below the standa~d stimulus. The DLu and DLl 
we~e ave~aged to give an overall value for the difference 
th~eshold. Based on this calculation, the DL was found to 
be 0.0385 ml moisture .. Thus, in order to detect a 
difference in moisture sensation when the standard is 0.09 




From a practical standpoint, the most basic questions 
to be answered by this type of investigation might be: 
1> How much moisture must accumulate in the 
clothing before one senses it? 
2> Once moisture is sensed, how much ~ 
moisture must accumulate before one perceives 
a difference in moisture sensation? 
3> How does moisture sensation relate 
quantitatively to Judgments of clothing 
comfort? 
The absolute threshold of moisture sensation is a 
concept that can be used in the approach to answering the 
first question and is relevant in answering the other 
questions as well. The pre-screening showed evidence that 
there may be some areas on the surface of the body that are 
not as sensitive to moisture as others and this may differ 
greatly from person to person. Sensitivity to moisture in 
clothing has not been considered previously in clothing 
comfort investigations. Past studies have quantified the 
percentage of moisture in clothing and related these 
amounts to sensations of comfort, pleasure, etc., but the 
amount that must accumulate in the first place before one 
even detects it has not been quantified. It took 0.024 ml 
of moisture to be detected on a 2 X 2 inch square in this 
study. However, this does not imply that 0.024 ml on a 
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T-shirt or other garment can be detected. The absolute 
threshold of moisture sensation must be determined for each 
garment and area of the body of interest. 
The difference threshold <DL> concept, in addition to 
the AL, may be used in answering the second question. The 
difference threshold of moisture sensation for the 
conditions tested in this experiment was determined to be 
.0385 m1 of moisture. If the size of the DL is a linear 
function of stimulus intensity as Weber/s law predicts, the 
difference threshold is·A~/~ (0.0385/0.09), or, 42.7% of 
the starting stimulus intensity at all intensity levels 
<Figure 19; Appendix L>. Because Weber/s fraction is a 
unitless measure, it serves as an index of sensory 
discrimination which can be compared across different 
conditions [41. If one wanted to examine moisture 
sensitivity using different fabric stimuli, for example, 
the values of the Weber fractions could be compared to 
examine the effect of fabric stimulus on moisture 
sensitivity. Weber/s fraction, however, should only be 
considered an approximation of differential sensitivity 
since it has been found to increase dramatically at levels 
of stimulus intensities near absolute threshold (9J. 
Figure 19 about here 
Regarding the third question posed above, no attempt 
was made in this study to relate sensations of moisture to 
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judgments of clothing comfo~t. Moistu~e sensation is only 
one of the many sensations that cont~ibute to clothing 
comfoLt. Howeve~, the~e is a vast liteLatu~e that attests 
to moistu~e sensation as a leading cause of discomfo~t in 
clothing. It is anticipated that this study might PLOVide 
the fi~st step in a p~og~ammatic LeseaLch effoLt towaLd the 
investigation of the use of psychophysical methods to 
assess the contLibution of moistuLe sensation to judgments 
of clothing comfo~t. 
SummaLy and Recommendations 
This study was unde~taken to explo~e the feasibility 
of using psychophysical methods to assess one component of 
clothing comfoLt; that of moistu~e sensation in clothing. 
The psychophysical method of constant stimuli was used to 
assess the absolute and diffe~ence thLesholds of moistu~e 
sensation in the uppeL back aLea of 12 female voluntee~s. 
2 X 2 wetted fab~ic swatches applied to the skin se~ved as 
the stimuli. The absolute th~eshold of moistuLe sensation 
was found to be 0.024 ml and the diffe~ence th~eshold was 
deteLmined to be 0.0385 ml moistu~e. The psychomet~ic 
functions fo~ these deteLminations exhibited lineaL tLends 
similaL to those found in other areas of sensory testing 
utilizing psychophysical methods. 
The results of this investigation aLe pLesented to the 
scientific community of clothing and textile Lesearchers as 
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empi~ical evidence that a psychophysical app~oach to 
quantifying moistu~e sensation is feasible. Howeve~, much 
fu~the~ investigation is needed in o~de~ to p~ovide mo~e 
complete answe~s. Fo~ example, this study was limited to 
testing only one a~ea of the body. Investigations of 
mechanoreceptors and thermorecepto~s found in the skin show 
that the skin is not a unlfo~m senso~y surface. Its 
sensitivity is affected not only by the intensity of the 
stimulus but by the site of stimulation, a~eal extent and 
du~ation of stimulation as well [111. Futu~e 
investigations of moistu~e sensation could examine the 
effects of va~ious levels of these facto~s on subject 
sensitivity. 
· Fo~ the conditions tested In this expe~iment, AL was 
found to be 0.024 ml of molstu~e and DL was found to be 
0.0385 ml. Howeve~. the p~otocol fo~ the dete~mlnation of 
ALand DL calls fo~ a ~ange of response p~obabilities to 
the stimulus values chosen to span f~om a little mo~e than 
1% to a little less than 100%. In examining Table 2, it 
can be seen that the range ~epo~ted is f~om 28% to 77% and 
thus did not captu~e the full ~ange necessary fo~ a 
definitive dete~minatlon of absolute th~eshold. A simila~ 
p~oblem exists fo~ the diffe~ence th~eshold. The ~ange 
repo~ted fo~ DL is 18% to 85% <Table 3). Since the 
absolute and dlffe~ence thresholds a~e determined 
statistically, the values found fo~ each must be conside~ed 
with these limitations in mind. These ~esults indicate 
that more extensive preliminary testing under identical 
environmental conditions are necessary in determining the 
stimulus value ranges for AL and DL determinations. 
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In this study, mapping of the back for sensitivity to 
moisture provided a pictoral representation of how 
sensitivity varied by site of stimulation. However, 
mapping performed under uncontrolled environmental 
conditions in a preliminary investigation revealed subjects 
to be less sensitive to the same moisture stimuli as was 
used in the present investigation [121. CSee Appendix D>. 
Thus, environmental conditions of room temperature, 
humidity, and air movement must be controlled during all 
phases of testing so that these factors do not 
systematically influence the results of the investigation. 
Another factor of. interest which may have had some 
bearing on these results was that subjects were paid for 
their participation in this investigation while subjects in 
a preliminary investigation where less sensitivity was 
exhibited were not [121. CSee Appendix D>. Another 
question to be answered in future investigations might be, 
11 Did the reward of monetary payment have an effect on 
subject "sensitivity" to the moisture stimuli? 11 
In conclusion, it appears that a psychophysical 
approach to the assessment of clothing comfort factors is 
one that is feasible. Although moisture sensation involves 
more than one sense modality (mechanoreception, 
thermoreception> as do most of the factors affecting 
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clothing comfort, it appears that subJects" responses to 
the stimulation of wetted fabric swatches follows a trend 
that is similar to those found in other sense modalities 
investigated using psychophysical methods. Thus, there is 
much that can be gleaned from the psychophysical literature 
in assessing those sensations that are also of interest in 
studies of clothing comfort. Quantification of the 
relationship between moisture stimuli and the sensations 
they evoke will lead to answers to the questions posed 
above as well as to make an important contribution to 
methods of assessing clothing comfort factors. 
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*Each level of stimulus intensity was presented five times 
to each of twelve subjects. 









Variable Stimulus JSv) Percentage 





. 11 80 
.13 88 
.15 85 
*Each variable stimulus <Sv> was compared to a standard 
st lmu I us < St > conta l n i ng .09 ml water. Each of twe I v·e 













Figure 16. Mapping of the right and Jeft scapuJar regions 
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The assessment of clothing comfort involves a 
multitude of factors that· requires both objective and 
subjective evaluation. THe purpose of this study was to 
use a magnitude estimation approach to assess the 
relationship between moisture stimulus intensity and 
moisture sensation in subjects for one body location and 
using one fabric type. Thirteen subjects used the method 
of magnitude estimation to assess the intensities of 
moisture stimuli applied to a 2 X 2 inch square on their 
backs. Results showed that subjects were in good agreement 
on the rank order of the moisture levels. Highly 
significant differences between magnitude estimates of the 
moisture levels were found. The relationship between 
moisture stimulus <¢> and moisture sensation <$> was found 
to demonstrate a psychophysical power function of the form: 
$ = 31 • 62 cp. 53 
A Magnitude Estimation Approach to 
the Assessment of Moisture Sensation 
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Definitions of comfort abound but there appears to be 
general agreement that the concept involves physiological. 
psychological, and physical factors [15, 31. Because of 
the apparent multidimensional nature of comfort, it is 
extremely difficult, if not impossible, to quantify. There 
are, however, many ways in which factors relating directly 
or indirectly to clothing comfort can be assessed. These 
include objective methods to measure the physical and 
physiological components, and subjective methods to measure 
the psychological components. 
While it is clear that a complete assessment of 
clothing comfort should involve both subjective and 
objective evaluations, correspondance between these 
evaluations is not always clear. For example, wearer 
trials are an important contribution to the assessment of 
clothing comfort and the only means by which both 
subjective and objective measures under the same 
experimental conditions can be assessed and compared. 
However, results are often equivocal with some finding high 
correspondence between the responses, and others finding 
none [12, 13, 19, 20, 211. Often objective measures such 
as skin temperature, sweat rate, etc. are not good 
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predictors of thermal comfort or thermal sensation. The 
problem lies with the fact that several stimuli are 
contributing to these subjective assessments and it is 
difficult, if not impossible, to isolate all of the 
,, 
relevant variables due to the numerous interactions 
occurring among them. 
Since comfort is defined as a 11 condition of mind" [2J, 
it implies that a quantitative assessment of it must 
involve the measurement of affectivity. This aspect of 
clothing comfort can only be assessed subjectively. The 
most widely used technique for this type of assessment is 
psychological scaling which involves a commonly recognized 
sensation or combination of sensations that are defined in 
the prospective rater/s language of perception. Subjects 
are asked to respond to semantic differentials or Likert-
type scales according to their sensory perceptions of 
11 comfort 11 , temperature, wetness, and/or other tactile 
properties of clothing. The disadvantage of using such 
scales as Hollies [10] pointed out, is that the subjects 
are not permitted free use of the language he or she 
considers appropriate to describe the attribute under 
study. 
More recently, psychophysical methods have been 
utilized in an attempt to 11 build a bridge of understanding 
between objective and subjective measurement .. of tactile 
properties of fabrics [7]. Psychophysical scaling involves 
the measurement of a single sensation in relation to its 
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initiating physical stimulus. Magnitude estimation is an 
example of direct psychophysical sea 11 ng whereby the 
subject is asked to make direct numerical estimates of the 
sensory magnitudes produced by the random presentation of 
defined physical st lmu 1 i [161. Elder [6] and Elder, 
Fisher, Armstrong and Hutchison [4, 51 found that the 
relationship between objective and subjective measures of 
two fabric handle properties, stiffness and softness, 
demonstrated a power function that has been shown to govern 
a wide range of perceptual continua. 
Many of the sensations that contribute to clothing 
comfort have direct physical correlates; yet a 
psychophysical approach to scaling these sensations is 
often overlooked. Moisture sensation in clothing as a 
result of beat stress is probably one of the leading 
factors contributing to clothing discomfort. The purpose 
of this study was to use a magnitude estimation approach to 
assess the relationship between moisture stimuli and 
moisture sensation in an effort toward psychophysical 
scaling of moisture sensation. 
Materials and Methods 
Independent Variable 
The test fabric was a blend of 50/50 cotton and 
polyester in a plain knit structure <t-shirt knit>. 2 X 2 
inch swatches we~e cut f~om the test fab~ic and we~e 
p~epa~ed in the following manne~ to se~ve as the stimuli. 
Fi~st, they were placed in small glass molstu~e-p~oo£ 
containe~s and all moistu~e was ~emoved f~om the swatches 
according to P~ocedu~e 1 of ASTM Method D 2654 (1J. 
Secondly, distilled wate~ at ~oom tempe~atu~e was applied 
to the su~face of the fab~ics with a Hamilton Mic~oliter 
syringe. The sy~inge was held at a constant angle and 
distance f~om the su~face of the swatches. 
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The following amounts of wate~ Cin ml> were added to 
the fab~ic swatches: 0.04, 0.06, 0.08, 0.10, 0.12, 0.14, 
0.16. Seve~al conside~ations guided the selection of these 
intensities. Fi~st, the size of the swatch limited the 
amount of moisture that could be applied and held constant 
without moisture leaving the swatch and condensing inside 
of the contalne~. Secondly, the amounts had to be above 
the subjects~ absolute th~eshold of moistu~e sensation 
which was determined in an earlier component of the study 
[17, 181. Thi~dly, fo~ ease of analysis and because the~e 
we~e no other studies on which to base this one, the 
decision was made to use equal stimulus spacing. Stimulus 
range and spacing have been shown to influence the results 
of scaling experiments but thei~ overall effect is not 
large and furthe~, ddes not influence sensory-physical 
relations [141. 
One set of swatches was p~epared for each of the 
subjects containing five ~eplications of the seven va~iable 
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stimuli. Five additional swatches containing .10 ml were 
prepared for each subject to serve as the standard stimuli 
to which all variable stimuli would be compared. 
Test Facility 
All testing took place in an environmentally 
controlled Lab-Line Instruments, Inc., chamber at Oklahoma 
State University. Environmental conditions within the test 
chamber were specified to simulate a thermally comfortable 
environment for lightly clothed subjects at rest £2). The 
temperature was maintained at 26°C ±1° , the relative 
humidity at 50% ±2% and the air movement was Jess than .15 
m/s. 
Dependent Variable 
The assessment of moisture sensation was made by the 
method of magnitude estimation. Each subject was presented 
with a standard stimulus containing 0.10 ml of water and 
assigned a number of 11 10 11 • The wetted fabric swatches were 
applied to an area of the upper back previously tested for 
moisture sensitivity £18]. <See Appendix H>. Subjects 
were asked to make magnitude estimations of each of the 
variable stimuli relative to the perceived magnitude of the 
standard stimulus. 
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Experimental Design and Sample 
A single factor repeated measures design with five 
replications was used. Treatment levels within each 
replication were randomized. Thirteen college females, 
ages ranging from 19 to 23, participated in this study. 
All subjects underwent a sensory mapping procedure to 
assure sensitivity to moisture on the areas of the back to 
be tested before being allowed to participate. The 
protocol followed for moisture sensitivity mapping is 
detailed elsewhere [17, 181. <See Appendix C>. 
· Test Protocol 
Subjects entered the environmental chamber and changed 
into shorts, socks, sneakers, .and a T-shirt made of the 
same fabric as the test stimuli and modified to expose the 
right and left scapular regions of the back. They signed a 
consent form <Appendix G>, filled out a brief questionnaire 
eliciting demographic data <Appendix E>, and were given a 
brief orientation to the investigation. Testing for the 
determination of the absolute and difference thresholds of 
moisture sensation was performed first and is reported 
elsewhere [17, 181; therefore, subjects were in the chamber 
for at least one hour before this testing began. 
The standard stimulus, containing 0.10 ml of water. 
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was Pt"esented f l t"st for'· appt"ox !mate I y tht"ee seconds and 
assigned a number' of "10". The seven vat"lable stimuli wet"e 
pt"esented to the subject9 each for' about tht"ee seconds9 in 
succession following the standat"d stimulus at the t"ate of 
' 
apt"t"Oximately two pet" minute. Dlt"ections to the subject 
wet"e based on Stevens [161 and given as follows: 
I am going to pt"esent to you a set"ies of fabr'ic 
swatches with vat"ylng amounts of moistur'e on 
them in an it"t"egulat" Ot"det". I want you to tell 
me how moist they feel by assigning number's to 
them. I will begin by placing a standat"d fabt"lc 
· swatch on your' back which I w i 1 l cal 1 " 10" • 
After' I t"emove the swatch and wipe your' back, I 
will place another' fabt"ic swatch on your' back. 
Your' task will be to estimate the amount of 
moistut"e on the swatch in relation to the 
standat"d. For example, if the swatch feels more 
moist, assign a number gt"eater than ten; if it 
feels less moist, assign a number' less than 10 
such that it matches the intensity as you 
pet"ceive it. Use whatever' number's seem 
appropriate to you, such as a fractions. 
decimals or' whole number's. (p. 30> 
Moistut"e on the back t"emaining after' the presentation of 
each stimulus was removed with clean, dry toweling. Each 




The geomet~lc means of the five magnitude estimates 
made by each subject fo~ each of the fab~ic stimuli a~e 
p~esented ln Table 4. The use of geomet~ic as opposed to 
a~ithmetic means is necessitated with magnitude estimation 
data to p~event an abe~~ant judgment f~om casting too much 
of an influence on the ~esults [141. Level of ag~eement 
between subjects on the ~ankings of the magnitude 
estimates, indicated by Kendall~s coefficient of 
conco~dance was found to be mode~ately high, accounting fo~ 
66% of the total va~iance in the ~ank sums <Table 5). 
Table 4 about he~e 
Table 5 about he~e 
The fo~m of the ~elationship between stimulus 
intensity and sensation magnitude is the essence of 
psychophysics. The~efo~e. t~end analysis <also called the 
method of o~thogonal polynomials> using the geomet~lc mean 
data was pe~fo~med to quantitatively assess the shape of 
the function ~elating the dependent and independent 
va~iables [111. Linea~. quad~atic, and cubic t~end 
components we~e assessed fo~ thei~ potential cont~ibution 
to the function ~elating moistu~e sensation to moistu~e 
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stimuli. Results are shown in Table 6 and reveal that the 
linear trend component accounted for over 98% of the 
overall treatment variability observed in the experiment. 
Table 6 about here 
Trend analysis also revealed the overall treatment 
effects to be highly significant <see Table 6). Pairwise 
comparisons were made on the entire set of means using the 
Student Newman Keuls procedure to determine where exact 
differences between the treatment effects occurred. The 
results are shown in Table 7 and indicate that differences 
were divided into three groups of stimulus intensities that 
were significantly different from each other at the .05 
level of confidence: 1> 0.04, 0.06 and 0.08 ml, 2> 0.10, 
0 .12, and 0.14 ml, and 3> 0.14 and 0.16 ml. 
Table 7 about here 
To determine whether the relationship between moisture 
and moisture sensation demonstrated a power function as 
predicted by psychophysical theory [8, 9, 161, the 
magnitude estimates <~> were plotted against the moisture 
stimulus values <$> in log-log coordinates <Figure 20>. 
The method of least squares, where log $ is Y and log ~ is 
X, was used to find the constants for the straight line 
equation that best fit the data. The regression of $ on <P 
explained ninety-six pe~cent of the total va~iance 
(~2=.96). Thus, the powe~ function ~elating sensation 
magnitude and stimulus intensity as p~oposed by Stevens 
[161 applies to the ~elationship between moistu~e and 
moistu~e sensation as follows: 
tJI = 31 • 62cf>· 53 
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whe~e 31.62 is a constant of p~opo~tionality based on the 
measu~ement units of ~ and~; and the exponent .53 ~eflects 
the ~ate at which sensation magnitude g~ows with ~espect to 
the stimulus. 
Figu~e 20 about he~e 
Discussion and Conclusions 
The~e a~e at least two majo~ advantages to the use of 
magnitude estimation in investigations of clothing comfo~t. 
Fi~st, the p~oblem of choosing the numbe~ of catego~ies o~ 
points on a scale f~om which subjects a~e to guage thei~ 
sensations is alleviated. With magnitude estimations, 
subjects use thei~ own "scale" by matching numbe~s of thei~ 
own choosing to the intensity of the sensation thel~ a~e 
expe~iencing. Secondly, and closely associated with the 
fi~st advantage, is that the use of magnitude estimation 
eliminates the p~oblem of using wo~ds to name the 
intensities of sensations o~ to name pola~ adjectives of 
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comfort sensations. The choice of words for psychological 
scaling has been a particular problem in the area of fabric 
handle where it is unlikely that words such as crisp, 
sleazy, firm and silky have shared meanings among nonexpert 
raters. 
In this study, thirteen subjects used the method of 
magnitude estimation to judge a range of moisture stimuli 
that was applied to a 2 X 2 inch square of fabric on their 
backs. Subjects were in good agreement on the rank order 
of the moisture levels in spite of the fact that they used 
their own sense of numbers with which to rate the perceived 
intensities of moisture sensation. It was observed by this 
investigator that subjects concentrated very hard in 
guaging the intensities of stimuli and in matching numbers 
to reflect those perceived sensations. It is possible that 
the increased level of subject involvement that this method 
demands may result in a more sensitive measure than those 
methods requiring subJects to simply circle a number or 
check a box. 
Highly significant differences were found between the 
magnitude estimates of the moisture stimuli. Multiple 
comparisons showed that differences occurred between three 
groups of magnitude estimates. This information is useful 
in determining the spacing of stimuli for future 
investigations. 
A psychophysical power function has been shown to apply 
to numerous perceptual continuua that involve variations in 
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senso~y magnitude [8. 9. 16]. In this study. the 
relationship between moistu~e stimulus and moisture 
sensation was found to demonst~ate a powe~ function. The 
exponent found in this study, .53, means that if the 
·' stimulus magnitude we~e increased by a factor of 10:1. or 
one loga~ithmic unit, the co~~esponding increase in 
~esponse magnitude would only be .53 exp~essed in 
loga~lthmlc units, or a facto~ of 3.4:1. Thus, fo~ the 
stimulus conditions tested in this study, moistu~e 
sensation g~ows slowly as moisture stimulus intensity is 
inc~eased. 
Exponents of the power functions found in other 
psychophysical studies ~ange f~om ·.33 fo~ b~ightness and 
loudness to 3.5 for elect~lc shock on the fingertip [16J. 
It should be pointed out that values of exponents obtained 
for various sensory modalities are dependent on stimulus 
conditions. In fact, examining changes in the power 
function exponents as stimulus conditions are changed is 
one strategy fo~ lea~ning mo~e about the sensory mechanisms 
involved in the sensation of moisture. For example, what 
impact does changing the size of the fab~ic stimulus have 
on the value of the exponent? How do diffe~ences in fiber, 
ya~n and fab~ic st~uctu~es. fibe~ contents. ~anges of 
moistu~e intensity, site, size and duration of stimulation, 
etc •• affect the value of the exponent? 
If it can be assumed that magnitude estimation data 
provide a direct measure of sensation magnitude [9J. di~ect 
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psychophysical scaling provides the clothing comfort 
investigator with an extraordinarily useful tool. The 
method offers the advantage of maintaining closer 
correspondance between objective and subjective measures 
' ' 
over the usual psychological scaling methods. The results 
of this investigation suggest that the method of magnitude 
estimation can be used to measure the subjective assessment 
of moisture sensation. For this and other clothing comfort 
sensations that have direct 9hysical correlates and for 
which there exist objective methods of quantifying, it is 
suggested that magnitude estimates of the intensities of 
those stimuli can provide quantitative assessment. 
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Moisture 
Stimu 1 us Cml > .04 .06 .08 .10 .12 .14 
Subject 
1 6.38 7.07 8.91 9.51 14.36 13.53 
2 7.34 7.50 8.10 10.76 10.58 13.92 
3 6.73 5.45 6.80 11.47 8.64 8.86 
4 6.85 5.33 5.50 7.39 17.49 16.53 
5 6.47 6.58 6.40 10.03 7.36 9.64 
6 3.10 2.76 4.55 8.31 5.04 12. 11 
7 6.18 6.70 9.29 7.04 9.37 10.70 
8 6.23 8.31 11.19 8.50 8.08 10.79 
9 8.88 9.68 10.43 10.77 13.16 12.53 
10 5.19 5.57 8.77 9.89 11.13 8.35 
11 4.10 6.70 5.09 10.56 7.20 5.41 
12 5.99 6.63 8.77 8.65 8.61 9.92 
13 6.94 8.80 7.26 11.49 10.89 12.88 
Grand Mean 6.18 6.70 7.77 9.57. 10.15 11 .17 
aEach subject made five estimates of each stimulus 
intensity level 


















Moisture Cml> Geo. Mean Std Dev Mean Rank Sumsa 
.04 6.18 1.44 
.06 6.70 1.75 
.08 7.77 2.05 
.10 9.56 1.48 
. 12 1 0 . 15 3 . 35 
.14 11.17 2.86 
. 16 12 . 55 2 . 1 0 
To_t_a_L________ 2.15_ 3. 09 
aw=.66, X2=51.66 with 6 df, p<.OOOO 
Table 5. Geometric Mean Magnitude Estimates 










Source ss df 
Between Groups 435.13 6 
Linear 429.01 1 
Quadratic .41 1 
Cubic .48 1 
Within Groups 424.22 84 
Total 65~.35 90 
ap< .0000 














Moisture .04 .06 .08 .10 .12 .14 .16 
St imu 11 (ml) 
Mean 6.18 6.70 7.77 9.57 10.15 11.17 12.55 
Magnl tude 
Estimatesa 
aMeans connected by the same line are not significantly 
different at p<.05 
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Figure 20. Log Log Plot of Magnitude Estimates <~> of 




SUMMARY AND CONCLUSIONS 
Summary 
Clothing comfort is an extremely complex phenomenon. 
Although it has been a topic of interest to researchers for 
over fifty years, there is yet no universal definition of 
it. The many factors impacting clothing comfort are still 
being elucidated by researchers in a variety of 
disciplines. The most recent definition broadly 
characterizes clothing comfort as 11 a state of satisfaction 
indicating physiological, psychological and physical 
balance among the person, his/her clothing, and his/her 
environment•• (Branson & Sweeney, 1987, p. 14>. 
There have been several approaches to assessing 
clothing comfort and/or the variables contributing to it. 
However, methods of assessment for the physiological and 
physical components have advanced beyond those for the 
psychological. Approaches to the subjective assessment of 
clothing comfort are many and varied. Yet, it is often the 
sensations that clothing evokes in wearers, and thus 
11 subjective 11 , that are responsible for a wearer's rejection 
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of, or dissatisfaction with, an item of apparel. 
Functional apparel designed for one/s protection from 
a stressful or hazardous environment, or intended for wear 
during intense physical activity <Watkins, 1984>, has 
I 
intensified the need for methodologies that can be used to 
assess the critical factor of thermal comfort in clothing. 
One of the most persistent problems with functional apparel 
is moisture build-up within the clothing and microclimate. 
Present methods of assessing the sensations associated with 
these conditions generally include descriptors of the 
sensations with an accompanying intensity scale. 
·The overall purpose of this study was to investigate 
the use psychophysical methods as a means of quantifying 
moisture sensation in clothing. PsychQphysical methods 
establish experimental conditions that maintain close 
correspondence between the sensation experienced and the 
judgment expressed <D/Amato, 1970>. It was the intention 
of this investigator that the psychophysical methods 
detailed in this study, could also apply to other clothing 
comfort sensations. However, the methods can only be 
applied to assess those sensations that are elicited by 
intensities of a physical stimulus that can be objectively 
measured. 
Moisture is a complex stimulus; there is no single end 
organ for sensing it. Moisture is sensed through a 
combination of both mechanoreceptors and thermoreceptors in 
the skin. Thus, the practical problem of determining how 
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one senses and assesses moisture in clothing had to be 
broken down into a more manageable problem. It was decided 
that a psychophysical approach to assessing moisture 
sensation would be limited to one area of the body and 
·' 
using one fabric type. The upper back area of the body was 
chosen as the site to be tested. This location was chosen 
because it is one area of the body in which most clothing 
has high contact with the skin, regardless of garment 
design. 
Ob.j ect i ves 
Three objectives guided the conduct of this 
investigation. The first two objectives were undertaken to 
determine the absolute and difference threshold of moisture 
sensation, respectively, in subjects for one body location 
and using one fabric type. The absolute threshold is the 
minimum value of a physical stimulus that will evoke a 
sensation. The difference threshold is the minimum amount 
of physical stimulus change required to produce a sensation 
difference. The third objective of the study was to use 
the method of magnitude estimation to assess the 
relationship between moisture stimuli and moisture 
sensation in subjects for one body location using one 
fabric type. Magnitude estimation is a method of direct 
psychophysical scaling whereby the subject makes direct 
numerical estimations of the sensory magnitudes produced by 
various intensities of a stimulus that are randomly 
presented to the subject <Stevens, 1975). 
Test Facility. SubJects 
96 
All testing took place in a climate controlled chamber 
where conditions were maintained for a thermally 
comfortable environment for subjects lightly clothed·and at 
rest <26°C :1 , 50% ±2%.RH, air movement <.15 m/s). 
Preliminary testing had shown that some individuals could 
not detect the presence of moisture on their backs so a 
pre-screening for moisture sensation was required of all 
subjects before they could participate in the study. The 
pre-screening resulted in the elimination of two of the 
fifteen subjects tested. Thirteen college females with 
ages ranging from 19 to 23 participated in this study. 
However, a problem with a set of stimuli prepared for the 
absolute and difference threshold determinations prevented 
the data of one of the subjects from being used in the 
analysis. 
Fabric Stimuli 
The test fabric was a 50/50 cotton and polyester blend 
in a plain knit fabric structure (t-shirt knit). 2 X 2 
inch fabric swatches were wetted with known amounts of 
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moisture and applied to a moisture sensitive area <as 
demonstrated by the pre-screening) on the scapular regions 
of the back. 
Psychophysical Methods 
The psychophysical method of constant stimuli was used 
to assess the absolute and difference thresholds <AL, DL> 
of moisture sensation in the upper back area of 12 female 
volunteers. To meet the third objective of the overall 
investigation, the psychophysical method of magnitude 
estimation was used to assess the relationship between 
moisture and moisture sensation. 
Absolute Threshold. The following amounts of moisture 
were applied to the 2 X 2 inch fabric stimuli for the 
determination of the AL: 0.01, 0.02, 0.03, 0.04, 0.05 ml. 
Five replications of this range of stimuli, with stimuli 
randomized within each replication, were presented to the 
subJect. SubJects responded "yes .. if they detected the 
presence of moisture in the five seconds that each stimuli 
was presented, or "no" if they did not. 
Difference Threshold. The following amounts of 
moisture were applied to the 2 X 2 inch fabric stimuli for 
the determination of the DL: 0.03, 0.05, 0.07, 0.09, 0.11, 
0.13, 0.15 ml. The amount of 0.09 ml served as the 
standard stimulus to which each of the stimuli in the range 
were compared. Five replications of this range, with 
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stimuli ~andomlzed within each ~eplication, we~e p~esented 
to the subject. Each stimulus was pai~ed with the standa~d 
stimulus (0.09 ml> fo~ successive p~esentation to the 
subject who ~esponsed "g~eate~" o~ "less" to the pe~ceived 
,, 
intensities of the va~iable stimuli. 
Psychomet~ic functions of the ~esponses to the 
p~esentation of stimuli fo~ the dete~mlnation of ALand DL 
we~e used to dete~mine those values. Fo~ the absolute 
th~eshold, the "yes" ~esponses, indicating moistu~e 
detection, we~e g~aphed against the physical values of the 
moistu~e stimuli. Fo~ the diffe~ence th~eshold, 11 g~eate~" 
responses we~e g~aphed against the physical values of the 
va~iable stimuli. 
Magnitude Estimation. The following amounts of 
moistu~e <in ml> we~e added to the fab~ic swatches: 0.04, 
0.06, 0.08, 0.10, 0.12, 0.14, 0.16. Five ~epl ications of 
this ~ange of moistu~e stimuli, with stimuli ~andomized 
within each ~eplication, we~e p~epa~ed fo~ each subject. 
Each subject was p~esented with a standa~d stimulus 
containing 0.10 ml of wate~ and assigned by the 
investigate~ a numbe~ of "10". SubJects we~e asked to make 
magnitude estimations of each of the va~iable stimuli 
~elative to the pe~ceived magnitude of the standa~d 
stimulus. 
The geomet~ic means of the magnitude estimates fo~ 
each of the moistu~e stimuli we~e calculated and used in 
the analysis to quantify the relationship between the 
objective and subjective assessment of moisture. 
Findings 
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Absolute Threshold. The absolute threshold of 
moisture sensation is operationally defined as the stimulus 
value that ls detected on 50 percent of its presentations 
to the subject. The absolute threshold of moisture 
sensation in a 2 X 2 inch area of the back was found in 
this study to be 0.024 ml of moisture. The psychometric 
function for this determination was found to exhibit an 
ogive which is predicted by psychophysical theory 
<Gescheider, 1976). 
Difference Threshold. The variable stimulus values 
that were judged 11 greater 11 than the standard stimulus (0.09 
ml> on 25 and 75 percent of their presentations to the 
subject were averaged to give the difference threshold. 
The difference threshold of moisture sensation in the upper 
back area of the back tested was determined to be 0.0385 ml 
of moisture. Similar to the AL finding, the psychometric 
function for the DL determination was found to exhibit the 
oglve curve which is predicted by psychophysical theory 
<Gescheider, 1976>. 
Weber~s law <Engen, 1971; Gescheider, 1976) predicts 
that the size of the difference threshold is a linear 
function of stimulus intensity. The Weber fraction was 
100 
dete~mlned by the ~atlo of the dlffe~ence th~eshold to the 
standa~d stimulus value used in its dete~mination <Co~en, 
Po~ac, and Wa~d, 1978>. The Webe~ £~action was found to be 
0.0385/0.09, o~ 42.7% of the sta~ting stimulus intensity at 
I 
all intensity levels. Because it is a unitless measu~e, it 
can be used as an index of senso~y disc~imination which can 
be compared ac~oss diffe~ent conditions and diffe~ent 
modalities <Engen, 1971; Gescheide~, 1976>. 
Magnitude Estimation. Using the method of magnitude 
estimation to assess the perceived intensities of moisture 
stimuli, subjects we~e able to dlsc~iminate between the 
moistu~e levels. Three g~oups of moisture stimuli were 
~esponslble for the highly significant t~eatment effect: 1> 
0.04, 0.06 and 0.08 ml; 2> 0.10,_ 0.12, 0.14 ml; and 3> .14 
and .16 ml moisture. The analysis also revealed that 
subjects were in good ag~eement on the rank o~de~ of the 
moistu~e intensities. Fu~ther, the powe~ function relating 
sensation magnitude and stimulus intensity as proposed by 
Stevens <1975> was found to apply to the ~elationship 
between moisture and moistu~e sensation as follows: 
$ = 31.62~·53 
where 31.62 is a constant of p~oportionality based on the 
measu~ement units of~ and~; and the exponent .53 reflects 




1. This study was limited to thirteen female col lege 
students, aged 19 to 23, at Oklahoma State University, in 
the fall of 1988. 
2. Students were recruited through an announcement by the 
investigator to a large undergraduate class which was on 
the general education curriculum and were paid $25 total 
for their participation; This method of acquiring a sample· 
and the size of the monetary payment may have influenced 
the subjects responses to the subjective measures. 
3. This study was limited to testing one small area of 
the upper back with one type of fabric. Investigations of 
mechanoreceptors and thermoreceptors found in the skin show 
that the skin is not a uniform sensory surface. Its 
sensitivity is affected not only by the intensity of the 
stimulus but by the site of stimulation, areal extent of 
stimulation, and duration of stimulation as well. 
Therefore, findings can not be generalized to other areas 
of the body or to other fabric stimuli or sizes of fabric 
stimuli. Furthermore, they cannot be generalized to 
durations of stimulation different from those used in this 
investigation. 
4. The values for the absolute threshold and difference 
thresholds of moisture sensation were calculated despite 
the fact that responses to the moisture stimuli did not 
capture a range starting near 1% and ending near 100% as 
called for by the protocol in the determination of each. 
Implications 
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It is anticipated that clothing comfort will continue 
to be a topic of interest to researchers in a variety of 
disciplines. The findings of this study have implications 
for investigators planning to assess subjective components 
of clothing comfort. If one/s intention is to assess 
clothing comfort sensations that can be evoked by physical 
stimuli, it would behoove the investigator to have an 
understanding of psychophysical methods. Such methods 
offer the advantage of maintaining closer correspondance 
between objective and subjective measures over the usual 
psychological scaling procedures. 
Findings from this study suggest that a psychophysical 
approach to the assessment of clothing comfort factors is 
one that is feasible. Although moisture sensation involves 
more than one sense modality <mechanoreception, 
thermoreception) as do most of the factors affecting 
clothing comfort, it appears that subjects/ responses to 
the stimulation of wetted fabric swatches follows a trend 
that is similar to those found in other sense modalities 
investigated using psychophysical methods. 
In this study, mapping of the back for sensitivity to 
moisture provided a pictoral representation of how 
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sensitivity varied by site of stimulation. However, 
mapping performed under uncontrolled environmental 
conditions revealed subjects to be less sensitive to the 
same moisture stimuli. Thus, the importance of 
environmental conditions such as room temperature, 
humidity, and air movement, is evidenced by the impact 
these factors have on moisture sensation. It is likely 
that their impact is as dramatic for other clothing comfort 
sensations as well. 
The results of this investigation relative to the use 
of magnitude-estimation, suggest that this method can be 
used to measure the subjective assessment of moisture 
sensation. One advantage of using this method is that the 
investigator is alleviated of the difficult task of 
choosing the number of categories or points on a scale from 
which subjects are to rate the intensities of sensations. 
With magnitude estimation, subjects use their own 11 scale 11 
by matching numbers of their own choosing to the perceived 
intensity of the sensation. Another advantage of using the 
method of magnitude estimation, and closely associated with 
the first, is that its use eliminates the problem of using 
words to name the sensations, or intensities of sensations, 
or polar adjectives of comfort sensations. The choice of 
words for psychological scaling has been a particular 
problem in the area of fabric handle where it is unlikely 
that words such as crisp, sleazy, firm and silky have 
shared meanings among nonexpert raters. 
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A third possible advantage to using the method of 
magnitude estimation is suggested by this investigator as a 
result of observations made during the testing sessions. 
It appeared that subjects enjoyed using the method of 
magnitude estimation and concentrated very hard in gauging 
the intensities of moisture stimuli and in matching numbers 
to reflect those perceived sensations. It is possible that 
the increased level of subject involvement that this method 
demands may result in a more sensitive measure than those 
methods requiring subjects to simply circle a number or 
check a box. 
Lastly, if it can be assumed that magnitude estimation 
data provide a direct measure of sensation magnitude 
<Gescheider, 1976), direct psychophysical scaling provides 
the clothing comfort investigator with an extraordinarily 
tiseful tool. Many of the sensations that contribute to 
clothing comfort have direct physical correlates; yet a 
psychophysical approach to scaling these sensations is 
often overlooked. For the sensation of moisture and other 
clothing comfort sensations that have direct physical 
correlates and for which there exist objective methods of 
quantifying, it is suggested that magnitude estimates of 




1. It is recommended that future work be directed toward 
examining moisture sensitivity using various: 
' 
a> areas of the body in which clothing has high contact 
b> fabric stimuli (fiber, yarn, fabric 
constructions> 
c> moisture levels 
d) duration of stimulation <>5 seconds> 
For example, what is the impact of any of the above on the 
Weber fraction, and/or the value of the exponent for the 
power function relating moisture and moisture sensation? 
2. It is recommended that an investigation be conducted to 
examine the influence of age, sex, and physical fitness on 
moisture sensation. 
3. It is recommended that different environmental 
conditions <air temperature, relative humidity, air 
movement> be examined for their impact on moisture 
sensation. 
4. It is recommended that the effect of monetary payment 
on the sensitivity of subjects to moisture stimuli be 
examined. 
5. It is recommended that the sensory mechanisms 
underlying moisture sensation <hot/cold, pressure/touch 
receptors> be investigated. For example, how does 
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temperature of the moisture stimulus affect moisture 
sensation? How does the weight of the fabric stimulus 
affect moisture sensation? 
I 
6. Less concrete, but of practical importance, it is 
recommended that a psychophysical approach be undertaken 
to: 
a> determine the absolute and difference thresholds of 
moisture sensation in a given garment, and 
b) determine how the sensation of moisture contributes 
to the overall judgment of clothing comfort. 
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APPENDIXES 
APPENDIX A 
PILOT STUDY #1 
The purpose of this pilot study was to define the 
mechanics and determine the feasibility of assessing the 
absolute threshold <AL> and difference threshold <DL> of 
moisture sensation by the method of constant stimuli. 
Experimentation covered the gamut from determining the size 
of the fabric swatch to mapping a site on the body for 
sensitivity to moisture. 
Methods and Materials 
St imu 1 i 
Fabric. The fabric chosen for testing moisture 
sensation was a 50/50 cotton polyester in a light-weight 
knit fabric structure. This particular fabric was chosen 
for two reasons. First, since the subJects to be tested 
were selected from a university population, this fabric was 
appropriate because wearing apparel made of it <i.e., 
t-shirts> is popular with college students and would 
therefore be familiar to them. Secondly, this fabric had 
been se 1 ected as the prototype fabric for a temp.erature 
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adaptable finish that was to be investigated in wea~e~ 
t~ials. Using this pa~ticula~ fab~ic would p~ovide the 
oppo~tunity fa~ ~esults of this investigation to be used in 
a late~ assessment of the comfo~t of test ga~ments made 
f~om the same fab~ic, both with and without the tempe~atu~e 
adaptable finish. 
Because the skin is not a unifo~m senso~y su~face, it 
was desi~eable to test fa~ moistu~e sensation ln only a 
small a~ea. 2 X 2 inch swatches we~e cut f~om the fab~ic 
to se~ve as the stimuli. A 2 X 2 inch swatch of this 
pa~tlcula~ fibe~/fab~ic composition allowed a wide ~ange of 
moistu~e to be applied to it, ~ep~esenting moistu~e 
contents f~om about 2.7% to ave~ 30%. 
Moistu~e. Fab~ic swatches we~e placed in p~e-weighed 
glass moistu~e-p~oof containe~s. All moistu~e was ~emoved 
f~om the fab~ic swatches acco~ding to P~ocedu~e 1 of ASTM 
Method D 2654. Upon cooling to ~com tempe~atu~e· in·. a glass 
dessicate~. each bottle was placed on a digital scale with 
an accu~acy of .005 g~am. Moistu~e in the fo~m of 
distilled wate~ at ~com tempe~atu~e was applied to the 
fab~ics with a Hamilton Mic~olite~ sy~inge equipped with a 
1 1/2 11 , 24 gauge needle. The moistu~e was deposl ted f~om a 
distance of .5 mm above, and a ninety deg~ee angle f~om, 
the su~face of the fab~ic. 
A se~ies of mini-t~ials we~e unde~taken to dete~mine 
the following: 1> the amount of time necessa~y fa~ moistu~e 
to be abso~bed into the fab~ic; 2> the amount of time that 
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moisture would stay constant; and 3) the maximum amount of 
moisture that the swatch would hold without moisture 
leaving the fabric swatch and condensing on the sides and 
bottom of the glass bottle. Arbitrary values of .01 ml to 
.20 ml were chosen to apply to the fabrics. 
It was found that it took from fifteen to thirty 
minutes for moisture amounts to be absorbed into, the 
fabrics. After this period of time, no droplet of moisture 
was visible on the surface of the fabric, but an area 
darkened by the wet spot was apparent on all fabric 
swatches containing .04 ml or greater. This was not 
anticipated to be a problem since subjects would not be 
seeing the stimuli. Moisture stayed constant in the 
bottles over a three hour period. When the wetted fabrics 
were removed from the bottles after this amount of time, 
only the bottles containing fabrics wetted with .17 ml or 
greater had increased in weight indicating that some of the 
deposited moisture had left the swatch and was on th~ 
interior surfaces of the bottles. Thus, the maximum amount 
of water that could be added to the 2 X 2 inch fabric 
swatches was .16 ml. Time periods longer than 3 hours were 
not investigated since it was estimated that testing would 
not involve time periods longer than this. 
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Site of Stimulation 
Two a~eas of the back we~e identified fo~ testing. 
The spine of the scapula on the ~ight and left sides of the 
subjects/ backs we~e ma~ked with a 2 X 2 inch template to 
designate the a~eas to which the fab~lc stlmul-l would be 
applied. This pa~ticula~ a~ea was chosen sine~ it is one 
a~ea of the body on which clothing gene~ally has contact 
~ega~dless of ga~ment design and fab~ic. Fo~ the 
p~esentation of stimuli, fab~ic swatches we~e ~andomized 
and applied alte~nately to the ~ight and left sides of the 
back. 
Sub.iects 
Five subjects voluntee~ed to pa~ticipate-, t-wamales 
and th~ee females. They we~e all unive~sity students with 
ages ~anging f~om 19 to 23. Testing took place in an ai~ 
conditioned ~oom with an ambient tempe~atu~e of 
app~oximately 74°F and 50% ~elative humidity. 
P~ocedu~e 
Subjects we~e inst~ucted to ~espond in one of two 
ways, depending on which th~eshold was unde~ investigation. 
Fo~ the dete~mination of the absolute th~eshold of moistu~e 
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sensation CAL>, their response was "yes" if they felt the 
presence of moisture and "no" if they did not. For the 
determination of the difference threshold CDL) of moisture 
sensation, their response was "greater" or "less" depending 
on how they sensed the moisture on the comparison of one 
fabric swatch to another. CFor a detailed description of 
the methods for determining AL and DL, see Manuscript I in 
Chapter III>. 
~ Twenty-four fabric swatches were prepared, three 
each with the following amounts of moisture in ml: .00, 
.01, .02, .03, .04, .05, .06, and .07. The choice of these 
values was aibitrary. 
~ Forty-four fabric swatches were prepared, three 
each with the following amounts of moisture in ml: .01, 
.02, .03, .04, .05, .06, .07, .08, .09, .10, and .11. The 
middle value, .06 ml, was designated as the standard 
stimulus <St> to which all variable stimuli <Sv> would be 
compared. The choice of these values, again, was 
arbitrary. 
Resu 1 ts 
Frequencies and percentages of all five subjects 
responding "yes" to the sensation of moisture stimuli are 
presented in Table 1. The percentages are graphed in 
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Figure 1. Visual examination of the graph reveals that the 
psychometric function for the sensation of moisture is an 
ogive. 
S!,!;eJECI 1 2 3 ~ 5 ~BE:Q I2ERCEMI 
MOISTURE 
<ML) 
00 0 0 0 0 0 0 0 
01 0 1 0 . 0 0 1 7 
02 1 1 0 1 1 4 27 
03 2 1 1 1 0 5 33 
04 3 2 2 2 1 10 67 
05 3 3 3 2 3 14 93 
06 3 3 3 3 3 15 100 
07 3 3 3 3 3 15 100 

















.00 .01 .02 .03 .04 .05 .06 .07 
Moisture in ml 
Figure 1. Psychometric Function of AL Pilot Dat-a for 
Five Subjects. 
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Frequencies and percentages of the DL data are shown 
in Table 2. The percentages are graphed in Figure 2. The 
psychometric function for the determination of the 
difference threshold of moisture sensation ~ ~t ~ppea~ 
to be an ogive. The psychometric function was examined fo'C' 
each individual and plotted in Figures 3, 4, 5, 6, and 7. 
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~MI EREQ PERCENT 
.01 1 7 
.02 2 13 
.03 4 27 
. 04 8 53 
.05 10 67 
. 06 12 80 
. 07 13 87 
.08 1 1 73 
.09 13 87 
.10 14 93 
. 11 14 93 
DL Pilot Data fol" Five SubJects. 
.01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11 
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.01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11 
Moisture in ml 
Figure 5. DL Pilot Data for SubJect# 3. 
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It was noted by the investigator that some of the 
subjects mentioned that they had a difficult time feeling 
the presence of any moisture at all. This led to further 
investigation of the sensitivitY of subjects to moisture by 
a mapping procedure. 
A 4 X 4 inch area of the right scapula of one female 
test subject <not previously tested) was mapped for 
sensitivity to moisture. A 4 X 4 inch template, composed 
of sixty-four 1/2" X 1/2" inch squares, was transferred to 
the back with a felt tip pen. Sixty four fabri-c swatches, 
1/2" X 1/2", were pipetted with .10 ml moisture. This 
amount was chosen on the basis that it was an amount 
expected to be much above the absolute threshold of 
moisture sensation. This amount of moisture completely 
saturated the fabric swatches. 
An example of a wet swatch trial and a dry swatch 
trial was given to the subject. The subject was asked to 
respond "yes" if she detected the presence of moisture and 
"no" if she did not. Wet fabric swatches were applied to 
random locations on the grid. Dry fabric SW&tchee•were-
applied intermittently. Responses were recorded' on a data 
sheet bearing a facsimile of the grid <Figure 8). 
Figure 8. Map of Moisture Sensitivity in a 2 11 X 2 11 
Area of the Back for One Subject. 
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The darkened spaces in Figure 8 represent areas of the 
back in which .10 ml of moisture on a 1/2 )4 ·1,/2 ... fabric 
swatch could not be detected by this subject; It can be 
seen by the number of darkened spaces that a 2 X 2 inch 
area for the placement of wet fabric swatches (for the 
determination of AL and DL) could not be found in the 
mapped area of this subject~s back. In other words, this 
subject would not be eligible for participation in a study 
to determine AL and DL. Further probing of this finding 
with more subjects was necessary. The decision was made to 
investigate the sensitivity of moisture as determined by 
mapping in another study <Appendix B>. 
APPENDIX B 
PILOT STUDY #2: MAPPING 
Examination of results found in the first pilot study 
prompted the investigation of mapping a specific area of 
the body for sensitivity to moisture. The right and left 
scapular regions of the back were the areas of inteFes-t 
defined earlier <Appendix A). A 4 X 4 i-nch area was 
designated as the size of the area to map. It was 
anticipated that, withln this area, a 2 X 2 inch square 
could be found in which subjects could detect the presence 
of moisture. 
Materials and Methods 
St imu 1 i 
The same fabric utilized in Pilot Study #1 was used in 
the present study; a 50/50 cotton and polyester b.l end in, a 
plain knit fabric structure. Fabric swatches 1/2" X 1/2 11 
were cut from the fabric and assembled on a film of saran. 
A glass pipette, graduated by .1 ml was used to deposit .1 
ml of distilled water to each swatch from a distance of .5 
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Nine undergraduate students in a senior level textiles 
class participated in this study as part of a lab exercise 
on sensory mapping. Testing took place in the same 
location as Pilot Study·#1; an uncontrolled laboratory 
environment with air conditioning and an ambient 
temperature of 74°F and approximately 50% RH. The subjects 
worked in pairs, with each testing the other member"of the 
pair after instructions were given by the investigator. 
Procedure 
The investigator explained the procedure for mapping 
to the students and demonstrated the procedure on one of 
the class members. The location of the body to be mapped 
was explained in detail. The seventh cervical vertebrae of 
the spinal column CC?> served as the anatomical landmark 
from which to identify the area for mapping. The upper 
back was studied to determine a 4 X 4 inch area on which 
clothing would likely be in contact with the skin. This 
was generally identified as 2" to 3" inches down the spinal 
column from the top of C7 and approximately 1 1/211 on 
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eitheL side of the column <see FiguLe 16 in ManuscLipt I, 
ChapteL III>. The exact location of the 4" X 4 11 aLea 
depended on the configuLatlon of bone, muscle and fat in 
the scapu 1 aL Legion of each i ndl vi dua 1 • The i nv-est<.tga·ter-
assisted each student with deteLminlng this locatton~ A 
gLld template foL maLking the back was placed on each of 
the two Legions to be tested and a felt tip pen was used to 
mark the 128 locations on which fabLic swatches would be 
placed. 
A handout <Appendix C> PLOVlded detailed dlLections 
foL conducting the mapping. Each of 128 pLepaLed fabLic 
swatches foL each student weLe applied to a Landom location 
on e i theL of the QL ids. Subjects weLe to Lespond 11 yes 11 OL 
11 no" depend! ng on whetheL they detected the pLeerence of 
moistuLe on thelL backs. DLy fabLic swatches weLe app+l:ed 
lnteLmlttently. Students LecoLded theiL paLtneLs/ 
Lesponses on a data sheet containing a facsimile of the 
gLid <Appendix C>. 
Resu 1 ts 
The QLlds pLovlded a pictoLlal LepLesentatlon of each 
subject/s sensitivity to moistuLe in two 4 X 4 inch aLeas 
of theiL backs <Appendix 0). Results showed no cleaL 
patteLn of sensitivity. Insensitive aLeas seemed t~be 
scatteLed Landomly thLoughout the locations mapped. 
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The g~ids we~e examined to.dete~mlne if a 2 X 2 inch 
a~ea on both sides of the back could be found which 
exhibited sensitivity to moistu~e. Five of the nine 
subjects exhibited such a~eas. Subjects 2, 5, 7 and 9 did 
not <Appendix D>. 
Although the ~esults of this study a~e not 
gene~alizable beyond the few subjects mapped fo~ molstu~e 
sensation, the findings do suggest thatpotential 
voluntee~s fo~ the majo~ study might not possess sufficient 
moistu~e sensitivity fo~ the dete~minatlon of the absolute 
and diffe~ence th~esholds of moistu~e sensation by the 
p~ocedu~es intended. Thus, a mapping p~ocedu~e was 
included in the ove~all design of the study as a necessa~y 
p~e-~equisite fo~ all subjects voluntee~ing to be a 
pa~ticlpant in the study. 
APPENDIX C 
PROTOCOL FOR MOISTURE SENSATION MAPPING 
1. Locate prescribed areas on the body to be mapped. 
2. Lay the grid template on the body, and transfer it by placing dots 
in the center of each square. 
3. To begin mapping, choose any location on the grid and: 
a. Apply wetted fabric swatch to one of the dots. 
b. Leave swatch on skin for 3-5 seconds. 
c. Remove fabric swatch and ask subjects "do you feel the presence 
of moisture on your back?" 
d. If the subject replies YES, place a "+" in the corresponding 
space on the grid. If the subject replies NO, place a 0 in the 
corresponding space on the grid. 
4. Use dry paper towel to gently remove moisture from the skin after 
each trial. 
5. Repeat steps 3 and 4 until trials have been made on all locations. 
Choose locations randomly. 
6. Interrupt above pattern every 5 or 6 trials to apply a DRY fabric 
swatch to any location which has a 11 +" on your map. If subject 
replies "yes• to the question regarding the presence of moisture, 





RESULTS OF MOISTURE SENSITIVITY MAPPING* 
IN UNCONTROLLED ENVIRONMENT 
Left Scapular Region Right Scapular Region 
*Dark areas denote no sensitivity to moisture 
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Left Scapular Region Right Scapular Region 
Subject 6 
Subject 7 
• • • Subject 8 • • 
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I, , voluntarily agree to participate in this 
study entitled: Use of Psychophysical Methods to Assess Moisture 
Sensation in Clothing: A Feasibility Study and sponsored by Home 
Economics Research through .the department of Clothing, Textiles and. 
Merchandising, Oklahoma State University. 
I understand that the purpose of this study is to investigate moisture 
sensation in individuals, and that testing wi 11 involve fabric 
swatches of 50/50 cotton and polyester knit, wetted with water, 
app 1 i ed to the skin of my upper back in the area of the shou I der 
blade. 
I understand that the procecture for assessing moisture sensation will 
require my participation in the following: 
1. Pre-Screening: <1 hr, approx> All subjects will be pre-screened to 
determine sensitivity to moisture. A four inch square area over the 
right and left shoulder blades will be mapped for moisture 
sensitivity. Mapping involves placing half inch square fabric 
swatches on the back in the area indicated. Both wet and dry fabrics 
will be applied. After each application of a fabric swatch, the 
subject will be asked to respond, 1 yesM or "no" to the question: uno 
you detect the presence of moisture on your back?" This pattern will 
be repeated until moisture sensation in the four inch square areas has 
been determined. Those subjects not exhibiting sensitivity to 
moisture will be terminated from the remainder of the study. 
2. Procedure: <2 hrs total, approx> In the first session, fabric 
swatches wi 11 be wetted with different amounts of water and p 1 aced 
a 1 terna te 1 y on the subject" s 1 eft and right shou 1 der b 1 ades <precise 
location determined by mapping>. Subjects will be asked to respond to 
the same question posed above. In the second sesssion, subjects will 
be asked to make a comparison between swatches p 1 aced alternate 1 y on 
each shou 1 der area and to respond u greater" or "1 essu than to the 
question: Does the amount of moisture on the left <right> feel greater 
or less than the amount on the right <left> ? 
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I unde~stand that pa~ticipatlng in this study p~esents the following 
possible benefits to me: 
1. knowledge of, and expe~ience in, senso~y testing 
2. payment of $5.00 fo~ my pa~tlclpatlon ln the p~e-sc~eening 
3. payment of $20.00 fo~ pa~ticlpation in the two p~ocedu~e 
sessions. 
I unde~stand that the~e a~e no ~isks anticipated by the investlgato~s 
fo~ pa~ticipants in this study and that ~eco~ds of this study will be 
kept confidential with ~espect to any w~itten o~ ve~bal ~epo~ts making 
it impossible to identify me individually. I also unde~stand that I 
can withd~aw f~om the study at any time without negative 
~epe~cussions. 
I have ~ead this info~med consent document. I unde~stand its contents 
and I f~eely consent to pa~tlcipate in this study unde~ the conditions 
desc~ibed in this document. I unde~stand that I will ~eceive a copy 
of this signed consent fo~m. 
Date Signatu~e of the Resea~ch SubJect 
Date Signatu~e of the Witness 




Dr. Donna Branson, Professor 
Clothing, Textiles & Merchandising 
309 Home Economics West 
(405) 624-5036 
Service Performed $/Hour 
Date: 
Invoice #: _____ _ 
# of Hours 
Name: __________ _ Social Security #: ___ _ 
Street Address: ______ _ Telephone #: ______ _ 






Height: _ft. _ln. <to the nearest whole inch, round up> 
Weight: 
Year in College <please circle>: FR SO JR SR GR OTHER 
Major. <or intended area of study>: 
Are there any particular fibers or fabrics which you avoid wearing? 
Yes No 
FIBER/FABRIC 
If YES, please Jist them and explain 
why you avoid wearing them. 
EXPLANATION 
In seeking comfort in clothing that you might wear when physically 
active or exerting a great deal of energy, please list and 






RESULTS OF MOISTURE SENSITIVITY MAPPING* 
IN CONTROLLED ENVIRONMENT 
. Left Scapu1ar.Reglon Right Scapular Region 






*Dark areas denote no sensitivity to moisture 
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Left Scapular Region Right Scapular Region 
Subject 12 
Subject 13 
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Left Scapular Region Right Scapular Region 
Subject 15 
~ • • 
• 
APPENDIX I 
THERMAL SENSATION/COMFORT SCALES 











Please use ONE of the following numbers to describe how you feel at 
this time: 
COMFORTABLE UNCOMFORTABLE 
1 2 3 4 5 6 7 8 9 
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APPENDIX J 
DATA SHEETS I and II 
SUBJECT __ 




AL 1: SKIN TEMP: L R PALM TS 
(1) .01 .03 .05 .02 .04 .00 
(2) .00 .04 .01 .03 .02 .05 
(3) .03 .00 .05 .01 .04 .02 
(4) .02 .03 .05 .00 .01 .04 
(5) .01 .04 .00 .02 .05 .03 
AL 2: SKIN TEMP: L R PALM TS 
(6) .01 .03 .05 .02 .04 .00 
(7) .00 .04 .01 .03 .02 .05 
(8) .03 .00 .05 .01 .04 .02 
(9) .02 .03 .05 .00 .01 .04 








DL 1: SKIN TEMP: L R PALM TS 
(1) .01 .03 .05 .02 .04 .07 .06 
(2) .02 .03 .04 .06 .01 .05 .07 
(3) .07 .02 .05 .01 .03 .06 .04 
(4) .05 .01 .07 .02 .06 .04 .03 
(5) .04 .06 .01 .03 .05 .02 .07 
DL 2: SKIN TEMP: L R PALM TS 
(6) .01 .03 .05 .02 .04 .07 .06 
(7) .02 .03 .04 .06 .01 .05 .07 
(8) .07 .02 .05 .01 .03 .06 .04 
(9) .05 .01 .07 .02 .06 .04 .03 












DL 3: SKIN TEMP: L R PALM TS TC 
(1) .09 .03 .11 .05 .13 .07 .15 
(2) . 07 .11 .09 .15 .03 .05 .13 
(3) .15 .07 .05 .11 .09 .13 .03 
(4) .03 .05 .13 .07 .11 .09 .15 
(5) .13 .15 .03 .11 .09 .05 .07 
DL 4: SKIN TEMP: L R PALM TS TC 
(6) .09 .03 .11 .05 .13 .07 .15 
(7) .07 .11 .09 .15 . 03 .05 .13 
(8) .15 .07 .05 .11 .09 .13 .03 
(9) .03 .05 .13 .07 .11 .09 .15 
(10>.13 .15 .03 .11 .09 .05 .07 
Standa['d: .08 SKIN TEMP: L R PALM TS TC 
Compa['ison 1: .02 .06 .04 .07 
2: .04 .02 .06 .07 
3: .06 .04 .07 .02 
Standa['d: .10 
Compa['lson: 1: .05 .02 .09 .08 
2: .02 .09 .08 .05 
3: .08 .05 .02 .09 
Standa['d: .12 
Compa['ison 1: .03 .09 .06 .11 
2: .09 .03 .11 .06 
3: .06 .11 .03 .09 
Standa['d: .14 SKIN TEMP: 
Compa['ison 1: .03 .10 .07 .13 
2: .10 .03 .13 .07 
3: .07 .13 .10 .03 
Standa['d: .16 
Compa['ison 1: .06 .04 .11 .08 
2: .04 .11 .08 .06 
3: .11 .08 .06 .04 
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L R PALM TS TC 
L R PALM TS TC 
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Present standard stimulus: _lQ_ L R PALM TS TC 
(1) .04 .08 .06 .14 .12 .10 .16 
(2) .16 .12 .04 .10 .08 .06 .14 
(3) .10 .04 .16 .08 .14 .06 .12 
(4) .08 .14 .12 .04 .06 .10 .16 







AL AND DL DATA 
The absolute threshold of moisture sensation was 
determined by calculating the percentage of "yes" responses 
<detection> for each of the moisture stimulus values. 
Responses were coded "1" for yes and 11 0" for no. 
The difference threshold of moisture sensation was. 
determined by calculating the percentage of "greater" 
responses for each of the variable moisture stimulus 
values. Responses were coded 11 1 11 for greater and "0" for 
less. 
These data are presented in Table 1 and Table 2. The 
means <X> and the standard deviations <sd> of the responses 
to each of the moisture stimulus values by 11 trial", or 
repetition, are presented in Table 3 <AL data> and Table 4 
< DL data). 
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ML .00 .01 .02 .03 .04 .05 
SUBJECT 
2 0 1 1 2 2 2 
3 2 3 5 3 4 5 
4 1 4 3 5 5 5 
5 0 2 4 3 4 4 
6 1 4 5 3 5 5 
7 0 0 0 1 1 2 
8 0 0 0 1 1 2 
9 0 2 4 1 3 4 
10 1 0 4 5 5 5 
11 0 1 3 3 3 4 
12 0 0 1 1 1 4 
TOTAL 5 17 33 33 42 46 
• Table 1 • Number- of 11 Yes 11 Responses by Subject for Each 
Stimulus Value in the Determination of the AL . 
ML .03 .05 • 07 .09 • 1 1 .13 .15 
2 0 2 3 3 4 4 4 
3 0 0 0 2 1 5 4 
4 2 2 2 3 5 5 5 
5 1 2 1 3 4 4 2 
6 0 3 0 2 3 3 5 
7 0 1 5 3 4 4 5 
8 2 1 3 2 3 5 3 
9 2 1 3 3 5 5 3 
10 2 3 1 3 4 4 5 
11 0 3 2 3 5 5 5 
12 1 2 4 1 5 4 5 
TOTAL 11 23 26 32 48 53 51 
Table 2. Number of "Greater" Responses by SubJect 
for Each of the Variable Stimulus Values <Sv> 
used in the Determination of the DL. 
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ML 
.oox .083 .083 .167 .000 .083 .083 
sd .289 .289 .389 .000 .289 .134 
.01 X .167 .250 .333 .333 .333 .283 
sd .389 .452 .492 .492 .492 .313 
.02 X .417 .500 .583 .667 .583 .550 
sd .515 .522 .515 .492 .515 .342 
.03 X .250 .583 .333 .833 .750 .550 
sd .452 .515 .492 .389 .452 .271 
.04 X .500 .583 .750 .750 .917 .700 
sd .522 .515 .452 .452 .289 .302 
.05 X .500 .750 .750 .833 1.00 .767 
sd .522 .452 .452 .389 .00 .239 
Table 3. AL Mean Responses by Trial 
1 
ML 
. 03 X .333 .083 .250 .167 .083 .183 
sd .492 .289 .452 .389 .289 .180 
.05 X .083 .583 .333 .250 .167 .383 
sd .289 .515 .492 .452 .389 .199 
.07 X .500 .417 .333 .250 .667 .433 
sd .522 .515 .492 .452 .492 .306 
.09 X .667 .500 .833 .333 .333 .533 
sd .492 .522 .389 .492 .492 .152 
.11 X .917 .750 .833 .833 .667 .800 
sd .289 .452 .389 .389 .492 .241 
.13 X .833 .833 1.00 .917 .833 .883 
sd .389 .389 00 .289 .389 .134 
.15 X .750 .917 .917 .917 .750 .850 
.452 .289 .289 .289 .452 .211 
Table 4. Mean DL Responses by Trial 
APPENDIX L 
JUST NOTICEABLE DIFFERENCES <JND/S> 
ABOVE THRESHOLD 
The difference threshold was determined in this study 
<Manuscript I, Chapter III) to be 0.0385 ml of moisture. 
This is the amount of physical stimulus change required for 
a sensation to be "Just noticeably different" from the 
absolute threshold, determined in this investigation to be 
.024 ml of moisture. Weber/s law <Gescheider, 1976) states 
that the change in stimulus intensity that can just be 
discriminated is a constant fraction of the starting 
intensity of the stimulus. This fraction, called the Weber 
fraction, is determined by the ratio of the difference 
threshold to the standard stimulus value used in its 
determination. For this study, it is determined by: 
0.0385/0.09 = .427. Using this figure, the number of Jnd/s 
above threshold can be determined as follows: 0.024 X .427 
+ .024 = .034; .034 X .427 + .034 = .049; etc .•• Stimulus 
values corresponding to several Jnd/s above threshold are 
presented in Table 1. The data in this table are presented 
graphically in Figures 1 and 2. 
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Table 1. Number of JND"S above Threshold Corresponding to 
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Stimulus Intensity in ml 
.50 . 60 
Figure 1. Number of JND"s above Threshold plotted against 
Stimulus Intensity (based on the assumption that 
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Figure 2. Number of JND/s above Threshold Plotted against 
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